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INTRODUCTION AND OVERVIEW 


1.1 INTRODUCTION 

The objective of this progiam is the preparation of a real time computer 
simulation model of the Ku-Band Rendezvous Padar to be integrated into the Shuttle 
Mission Simulator (SMS), the Shuttle Engineering Simulator (SES), and the Shuttle 
.Avionics Integration Laboratory (SAIL) simulator. Primary requirements of the 
simulation model are to provide crew training and to provide mission planners with 
representative predictions of the Ku-Band Radar tracking capability against selected 
candidate targets. The crew training requirement imposes the following design 
objectives with respect to the track and search modes: 

(1) to provide a real time simulation, 

(2) to provide accurate timing of discrete events appearing on the 
radar cockpit display, 

(3) to provide accurate operation of cockpit display meters, 

(4) to provide accurate responses to all cockpit radar controls. 

In addition, the design objectives generated by a desire for accurate prediction of 
track mode operation against candidate targets are as follows: 

(5) to provide representative scattering models for all targets of 
interest , 

(6) to provide accurate processing of the target return signal, 

(7) to provide accurate models of all tracking loops. 

Based upon our present knowledge of the capabilities of the three simulators, design 
goal (1) will conflict with design goals (5) through (7). Therefore, some sacrifices 

were made in target model accuracy and track signal processing accuracy to maintain 

a real time simulation. The sacrifices in track model accuracy and target scattering 
model accuracy and the performance limits they impose are discussed in detail in the 
sequel. 

The development of the Ku-Band Rendezvous Radar performance computer model 
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tliat mooit? tlie requirements stated above has been divided into three Casks: 


il^ development of the radar tracking performance model, (2) development of the 
radar search and acquisition performance model, and (3) development of a target 
modeling method. This report documents the results obtained in these three areas. 

It includes: 

• a detailed description of the parent simulation/radar simulation 
interface requirements, 

• a detailed description of the method selected to model target scattering 
properties, including an application of this method to the SPAS space- 
craft, 

• a detailed description of the radar search and acquisition mode 
performance model. 

• a detailed description and supporting analysis of Che radar Crack mode 
signal processor model, 

• a detailed description and supporting analysis of the angle, angle 
rate, range, and range rate Cracking loops. 

1.2 OVERVIEW OF RADAR PERFORMANCE COMPUTER MODEL 

In all of Che material chat follows Che reader's background knowledge 
of the Ku-Band Rendezvous Radar system is assumed to be on or above the level given 
in [ij or [2]. 

1.2.1 Target Scattering Model Summary 

Since virtually all target effects work (References 3-9) deals with point 
scatterer models, our approach is to represent the target as a collection of point 
scatterers. More specifically, this approach to modeling consists of: 

• identifying strong scattering centers ("bright spots") and modeling 
them as point scatterers with associated cross section functions to 
express the angular variation, 

• modeling intricate or rough-surfaced areas of the target as a random 
scatterer field, in turn, modeled by point scatterers with random 
amplitudes and specified angular variation functions. 


It is romarkt'd that those angular variation functions account for the shadowing 
effects duo to a point scattorer's position relative to the other scatterers. Also 
tlioso angular variation functions do not include the phasing terms given in the 
cross section literature. These factors are reflected in the spatial separation of 
the model's point scatterers. An example of this modeling method applied to the 
SPAS spacecraft is described in Section 4.0. 

1 . d . J G eneral Computer Model Structure 

Figure 1-1 illustrates the general configuration of the computer model. It 
consists of three major parts; the executive program, the search and acquisition 
program, and the track program. The functions of the executive program are to in- 
itialize the system and target data when the program is first entered, to determine 
the system operating mode each update period and pass control to the appropriate sub- 
program, and to initialize the system appropriately when changes in the system controls 
have occurred. Search and track program details are summarized below. 

1.2.3 Radar Search and Acquisition Performance Model Summary 

A,\ outline of the search and acquisition performance computer model is 
given in Figure 1-2. Main elements of th^s model are: 

• antenna glmbal pointing loop model, 

• scan model, 

• detection model. 

Antenna Gimbal Pointing Loop . The antenna a and S gimbal pointing loops 
were both represented by the second order model shown in Figure 1-3. This model 
responds to (1) angle designates input from the General Purpose Computer (GPC) and 
(2) slew rate commands input by the crew from the cockpit. In the present con- 
figuration, the loop constants are chosen to give a loop damping factor o of 0.7 
and a crossover frequency of 1 hz. 

Scan Model . This algorithm models radar system performance when a spiral 
antenna sc.-in in progress. The model is invoked bv a search initiate command from 
either the GPC or the crew and operates as follows. It tracks the antenna position. 
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Figure 1-2. Outline of lesrch end Acquisition mode computer elgorithm. 
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during the scan, to the nearest scan ring (see Figure 5-10) and cracks the target 
position exactly. It attempts detection if Che target and the boresight are in the 
same scan ring in the present data cycle and were not in the same scan ring in Che 
previous data cycle. The scan model continues in this manner until either Che target 
is detected or an end-of-scan is reached. 

D etection Model . This model contains a constant false alarm rate (CFAR) 
detection algorithm and a single-hit detection algorithm. These two models have the 
same fundamental construction which is shown in Figure 1-4 with the processing 
differences between the two detectors being absorbed in the SNR computation and SNR 
versus curves used in each case. The inaccuracies of these models occur in the 
beamshape and scan loss computations and in the target radar cross section value. 

More specifically, an average beamshape/scan loss value is used when the antenna is 
scanning and the beamshape loss at the beginning of the data cycle is used for the 
entire data cycle when the antenna is being slewed. The target cross section is 
inaccurate because it is modeled as a fixed, predetermined value independent of as- 
pect angle. 

1.2.4 Radar Tracking Performance Model Sunnary 

Figure 1-5 gives a simplified illustration of the track mode computer model. 
This model* is comprised of: 

• a signal generation and processing model, 

• a break-track algorithm, 

• an angle and angle rate tracking model, 

• a range tracking model, 

• a velocity processor algorithm. 

The key features of each of these models are summarized below. 

Signal Generation and Processing Model . A simplified diagram of the computer 
model used to generate the target return signal, process this signal, and produce 
the discriminants for the tracking loops is shown in Figure 1-6. This model is based 
upon several assumptions about the system and the target mot on. Of these, the ones 
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Figure 1 6 TRACK MODE SIGNAL PROCESSOR COMPUTER MODEL 
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that will have the most impact can be stated as follows: 

e any radial acceleration of the point targets over a data cycle is 
ignored, 

• the antenna does not move with respect to the target during the data 
cycle. 

e the receiver's RF and IF electronics work perfectly, (i.e. no coupling 
loss, the down conversion is error-fiee, and the filters don't distort 
the return signal, but the receiver maintains the correct noise 
figure and noise bandwidth), 

e quantization noise contributed by the signal processing chain from 
the A/D to the log converter is neglected, 

e Automatic Cain Control (AGC) is not implemented. 

A complete list of f loel assumptions and approximations is given in Section 6.4.1 

and Appendix C. It is noted that this model also generates an estimate of the radar 

signal strength which is sent to the cockpit display. This value is taken as the 

SNR referenced tc the video filter output and is very accurate for SNR^ > > 1, but 

< 

will not be valid for SNR 1. 

V 

Break-Track Algorithm . The computer model of the break-track algorithm 
is identical to the algorithm used in the Ku-Band Radar system. A simplified 
block diagram of this algorithm is given in Figure 1-7. 

Angle and Angle Rate Tracking Loop Model . This model ia used for estimating 
the target inertlcl roll and pitch rate and tracking the target roll and pitch angles 
in the GPC-ACQ and the Auto T.ack Modes. It consists of two tracking loops: one 
for each antenna gimbal. The basic loop model adopted for each gimbal is the second 
order loop shown in Figure 1-8 for the a - loop. These loops are inertially stab- 
ilized, as required, and include the following error sources: target error effects 
(to the extent that the target scattering model is correct), thermal noise, boom 
deployment error, radar offset error, discriminant error, and gimbal bias error. 

Range Tracking Loop Mode l. A simplified block diagram of the ran^e tracking 







liar In fora to the 









loop computer model is given in Figure 1-9. The loop filter equations and the loop 
constants for the model are identical to those used in the Ku— Band Badar system. 

Error sources incorporated into the model include target— effects, thermal noise, 
discriminant distortion, and a fixed average range bias error that accounts for un- 
known and time varying time delays. 

Velocity Processor Model . The velocity processor computer model is shown 
in Figure 1-10. This model of the velocity processor is functionally identical to 
the algorithm used in the Ku-Band Radar system. That is, the equations, the logic 
and the number of bits of accuracy at each step are Identical. Error sources modeled 
include target-effects, thermal noise, and discriminant distortion. 

1.3 FjyORT ORGANIZATION 

The remainder of the report is organized in the following manner. In 
Section 2 all of the coordinate systems and the vector notation required for the 
description and analysis of the Ku-Band Rendezvous Radar simulation model are defined. 
In s ction 3 the parent simulation/rendezvous radar simulation interface requirements 
are defined. Presented in this discussion are a definition of the data required from 
the parent simulation by the rendezvous radar simulation, the effects of different 
'.omputer cycle times on rendezvous radar model tracking accuracies, and the effects 
of different allowed computing times per cycle on the point target model complexity. 
Section 4 gives complete details of the target modeling method. In Section 5, a 
detailed description of the radar search and acquisition performance model is presented 
and Section 6 gives a complete description plus supporting analysis of the radar 
tracking performance model. 
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Figure 1-9 RANGE DISCRETE-TIME TRACKING LOOP MODEL 
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DEFINITION OF COORDINATE SYSTEMS AND VECTOR NOTATIONS 


Since vectors, transformation operators, and a variety of coordinate 
systems pervade the description and analysis of the Ku-Band Radar performance 
computer model, we begin with definitions of all coordinate systems and vector 
and operator notation used in this report. 

: . 1 COORDINATE SYSTEM DEFINITIONS 

In all, there are five coordinate systems that are useful in the 
description of the computer model. All of these coordinate systems have the 
following properties. Each reference frame is a right-handed coordinate system 
and positive rotation about a coordinate axis of a given frame is defined by the 
illustration in Figure 2-1. 

Target (T) Frame . This coordinate system is defined to be f ixed in 
the target. It will be most convenient to assume that the frame origin is 
coincident with the target c.g. and to choose an orientation that most easily 
accommodates the target description in the computer. Examples of possible target 
frame orientations for a multiple-point target are given in Figure 2-2. 

Orbiter Bodv(B) Frame . Definition of this reference frame is the 
same as that given in |loJ. The origin of this frame lies at the c.g. of the 
Shuttle Orbiter. Its x-axls lies along the body with the nose in the positive 
x-reglon and its y-axis lies along the wings with the right wing in the positive 
v-region. This reference frame is shown in Flgiire 2-3. 

Radar(R) Frame . The Radar Fr.ame origin is located at the B-frame 
coordinates (48. 11, -61, which corresponds to the center of the antenna gimbals. 
The x-y plane of the Radar frame is parallel to the x-y plane of the Body frame, 
but the x-y axes of the Radar frame are rotated with respect to the Body frame 
x-y axes by +67*^ about the z-axis. This arrangement is Illustrated in Figure 
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Figuri 2-3. Orbitar Body (B) Framt Dtfinitton. 
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Outer-Gimbal (G) Frame . This frame is fixed in the outer (or a) glmbal. 


..cs origin is coincident with the Radar frame origin and its x-axis is coincident 
with the Radar frame x-axis. The y-z axes of the outer-glmbal frame are rotated 
by an amount a (variable) about the x-axls of the Radar frame. The angle a la measured 
from the minus z-axls of the Radar frame as shown In Figure 2-5. 

Antenna LOS(L) Frame . This frame is fixed in the inner (or 6) glmbal. . 

Its origin is coincident with the G-frame origin and its y-axis is coincident 
with the G-frame y-axis. The x-z axes of this frame are rotated by an amount S 
(variable) about the y-axls of the G-frame. As shown in Figure 2-6 the angle g 
is measured from the minus z-axis of the (i-frame. It should also be noted the z-axls 
of the antenna LOS frame is coincident with the antenna boreslgnt. 

Other Useful Frames . The only other useful frames for the present 
discussion are the Body, Radar, Outer-Gimbal, or Antenna LOS frames translated to 
the origin of the Target frame. These frames will be denoted by their usual 
letter and a zero subscript. For example, a frame centered at the target origin 
with its axes aligned with the antenna LOS frame will be denoted L^. 

2.2 DEFINITION OF VECTOR AND TRANSFORMATION NOTATION 

In this subsection, the vector notation used to describe (1) a point 
scatterer's position and velocity measured in a given frame, (2) the target's 
inertial angular velocity, and (3) the orblter's inertial angular velocity are 
defined. Also the notation for the various operations nn these vectors is defined. 

We start with the vector description of a point scatterer's position and velocity. 
These are 

-►P 

- k th point scatterer position expressed 
in P-frame coordinates. 


and 


-P 

"k 


-►P 
or v^ 


k th point scatterer velocity measured in the 
P-frame and expressed in P-frame coordinates. 
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where k. - 1, 2, 3, — -,N. Similarly, the vector description of the position and 
velocity of the target c.g. is given by 


-*P 

r^ ■ target c.g. position expressed in P-frame 


coordinates , 


and 


k k 

r or V ■ target c.g. velocity measured in the P-frame 

o o • 

and expressed in P-frame coordinates, 

where the su>'acript o will always be associated with the target c.g. The inertial 
angular velocity for the target and the orbiter are defined by the notatlo^ 

-*■ p 

w^ ■ inertial angular velocity of the target about a specified 


point expressed in P-frame coordinates. 


and 


w - Inertial angular velocity of the Shuttle Orbiter about a 
o 

specified point expres:;ed in P-frame coordinates. 

In component form, any of the above vectors can be expressed as a 3 x 1 column 
vector. For example, 






kx 

P 

*^ky 


p p p 

where r, , r, , and r, are the components along the x, v, z P-frame axes, 
iCX K\ KZ 

respectively. Also, it should be pointed out that if the reference frame under 
consideration is clear from the text, then the superscript will be dropped from 
the vector. 

The next s^t of definitions describe the notation used for various 
vector operations of interest. A primary vector operation used throughout the 
development is the one that transforms a victor expressed in coordinate system 
A to a vector expressed !n coordinate system B where A and B have the same origin. 
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This operation will be denoted 1 and has the following features. Combining 

OA 

T with the vector notation from the previous paragraph, we obtain 
BA 




T r^ 
BA ’'k 


Also, this transformation notation has the useful property that 


V ■= T T 
^ .V CB BA 


There are two other vector operations that are of use in this report. 
They are the vecujr dot- product, denoted by a»^, and the vector cross-product, 
denoted by a x b. These two products have the usual meaning. 
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5 . 


RADt\R SIMULA! I ON /PARENT SIMULATION INTERFACE DESCRIPTION AND REQUIRMENTS 


Development ot the Interface between the parent simulation and the Ku-Band 
Radar performance simulation is based upon the following assumptions: 

(1) the amount of information passed across the Interface 

should be kept to a minimum. 

(2) the parent simulation (NASA) responsibilities are 

• to define and generate all shuttle orbiter and target 
motion, including translational and rotational motion, 

• to provide all cockpit and GPC radar control information 
to the radar simulation, 

• to accept all radar tracking and status data generated 
by the radar simulation. 

(3) the radar simulation (Hughes) responsibilities are 

• to define the modeling method that beat represents 

the scattering characteristics of all targets of interest, 

• to generate the target return signal and process it during 
the tracking phase, 

• • to accept GPC and cockpit control information from the 

parent simulation, 

• to provide target tracking data and radar status data 
to the parent simulation. 

Assumption (1) was motivated by a desire to achieve integration of the radar 
performance simulation computer model into the three proposed parent simulations, 
the SMS, the SES, and the SAIL simulator, with relative ease. Assumptions (2) 
and (3) were partially generated from the following reasoning. All definitions 
of rendezvous missions, target trajectories, and orbiter trajectories fall under 
the heading of NASA exper'‘lse and, thus, these quantities should be provided by 

the parent simulation. However, definition of a target scattering model and 
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generation of radar return signals fall in the domain of Hughes expertise and 
should be provided by the radar simulation. In the following paragraphs, we 
shall define the radar/parent simulation interface, which is based upon the 
above assumptions, in detail. 

3.1 INPUT DATA REQUIRED FROM THE PARENT SIMULATION 

There are two types of input data required from the parent simulation. 
The first type is radar control data such as the desired operating mode and the 
target position designates that would normally be passed to the Ku-Band Radar over 
the modulation-demodulation (MDM) interface in the actual system. The second type 
of information required from the parent simulation is the data associated with 
target and orbl ir motion, including both rotational and translational motions. 
This data is required to generate the target return signal and to simulate 
inertially stabilized tracking. 

3.1.1 Required Radar Controls 

Table 3-1 and Table 3-2 defines the radar control words required by the 
radar simulation that must be supplied by the parent simulation. In the actual 
hardware, each of the controls listed is sent to the radar either in discrete or 
serial word form through the MDM Interface. It should be noted that the list of 
controls in Table 3-1 and Table 3-2 represents only those controls required in 
the search, acquisition, and tracking phases. 

3.1.2 Required Target/Orbiter Position and Motion Data 

All data associated with target and orbiter motion required by the 
radar simulation from the parent simulation is summarized in Table 3-3. A 
rationale for each of these data requirements is offered below. 

In order to generate the target return signal as described in Section 
4, the following information is required: (1) position of each point target and 
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TABLE 3-1 

RADAR CONTROLS REQUIRED FROM 


SYSTEM CONTROL 
FUNCTION 

CONTROL NAME 

System Power Switch 

IPWR 


IMODE 

System Mode Switch 



Transmitter Power 
Level Switch 

ITXP 

Antenna Steering 
Mode Switch 

lASM 

Search Initiate 
Switch 

(From Control Panel) 

ISRCHC 

Search Initiate 
(From GPC) 

ISRCHG 

Slew Antenna 
Left /Right 

lAZS 

Slew Antenna 
Up /Down 

lELS 

Antenna Slew 
Rate 

ISLR 


CONTROL VALUE 




CONTROL STATE 


Power Off 
Standby 
System On 


Radar Active 
Radar Passive 
Communicat ions 


High Power 
Medium Power 
Low Power 


GPC-ACQ 

GPC-DES 

Auto 

Manual 


Inhibit Scan 
Enable Scan 


Inhibit Scan 
Enable Scan 


Slew Left 
No Slew 
Slew Right 


Slew Down 
No Slew 
Slew Up 


0.4 degrees /sec 
20.0 degrees/sec 




























TABLE 3-2 RADAR CONTROLS REQUIRED FROM PARENT SIMULATION 




Table 3-3 OTHER INPUTS REQUIRED FROM THE PARENT SIMULATION 


INPUT 


INPUT NAME 


INPUT DESCRIPTION 


UNITS 


-VI 

r 

o 


ERTO(I) 

1 - 1 , 2, 3 


Components of T-Frame 
Origin Position in 
B- frame 


Feet 


EVTO(I) 

1 - 1 , 2. 3 


Components of T-frame 
Origin Velocity Measured 
With Respect to B-frame 
and Expressed in B-frame 
Coordinates 


Feet Per 
Second 


B T 
o 


TBT (I.J) 
I.J - 1,2,3 


Elements of Transformation 
Matrix that aligns T-frame 
axes with B-frame axes. 


No Units 


B T 
o 


TBTD (I.J) 
I,J-1.2,3 


Elements of Matrix which 
is time derivative of T 
Matrix 


Seconds^ 


B T 
o 


W. 


EWB(I) 

1 - 1 , 2, 3 


Orbiter Inertial angular 
velocity expressed in 
B-frame Coordinates 


Radians 
Per Second 
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(2) velocity of each point target as measured in the B-frame. (It should be 
pointed out that, ultimately, we want the point target position and velocity 
as measured in the L-frame but, since the radar simulation is tracking the antenna 
gimbal motion with respect to the B-frame, the radar simulation can easily perform 
the transformation from the B-to-L frame.) For the k th point target these data 
can be described as follows. Position of the k th scatterer at a fixed tine t 
can be expressed as 


(3.1) 


+ ’’b T 'k 
o 


where Figure 3-1 illustrates the relation between these three vectors. 
Velocity of the k th scatterer as measured in the B-frame is given by 


(3.2) 


B B . ^ -*• 1 

^ ’^B T \ 

o 


where the dot above a quantity represents time differentiation of that quantity. 

It is noted that equation (3.2) is obtained by time differentiating equation (3.1) 

and observing that r^^ is fixed from the rigid lattice assumption (See Section 4). 

B "► B 

Since r and r are associated with target translational motion and since T 

0 o B^T 

and T _ are associated with target rotational motion, they vill be provided by 
B i 

o ^ J 

the parent simulation under assumption (2). r^^ is part of the target model 

definition and will be provided by the radar simulation under assumption (3). 

B 

Orbiter inertial angular velocity w is required to perform tracking 

D 

of the target inertial azimuth and elevation rates. The reason for this requirement 
is shown in Section 6. 

3.2 OUTPUT DATA TO THE PARENT SIMULATION 

All data output to the parent simulation are defined in Table 3-4. 

This data includes all cockpit radar displf.y responses and the target tracking 
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Table 3-4 RADAR SIMULATION OUTPUT 
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Table 3-4 RADAR SIMULATION OUTPUTS (continued) 


^ OUTPUT DATA 

OUTPUT NAME 

OUTPUT 

OUTPUT STATES 

UNITS 

‘ DESCRIPTION 

[ ■ 


VALUE 



Angle Rate Data 

MARDVF 

0 

Angle Rate Data Invalid 


Valid Flag 

1 


1 

Angle Rate Data Valid 


Range Data 

MRDVF 

0 

Range Data Invalid 


Valid Flag 


1 

Range Data Valid 


Range Rate Data 

MRRDVF 

0 

Range Rate Data Invalid 




1 

Range Rate Data Valid 















data required by the guidance and navigation computer. 

3.3 INPUT/QUTPUT DATA FORMAT 

The technique used to pass data between the controlling program 
(parent simulation) and the subprogram (radar simulation) Is to establish 
several labeled common storage areas. Labeled common Is useful because It 
allows one to break a large common block Into several smaller, Independent 
common blocks which are distinguished by assigning them different labels. 

Thus, one can modify a section of common without having to perform bookkeeping 
on the whole array. Further Information about labeled corimon can be found In 

In the development of the radar simulation the common block used for 
the Interface between the two programs Is divided into three parts. These are 
labeled: CNTL, INPUT, and OUTPUT. CNTL contains the radar control data required 
from the parent simulation and defined In Table 3-1 and Table 3-2. INPUT contains 
the target/ orblter motion data required from the parent simulation and defined 
In Table 3-3. OUTPUT contains the radar data output to the parent simulation and 
defined In Table 3-4. 

3.4 INTERFACE TIMING REQUIREMENTS 

Parent/Radar simulation Interface timing Involves (1) the length of the 
parent simulation update period called the (cycle time) and (2) the fraction of 
the period alloted to the radar simulation for computation of required radar out- 
puts. The details of these two topics are summarized below. 

3.4,1 Slmulatl-n Cycle Time Requirements 

Table 3-5 summarizes the different update periods for the various 
Ku-Band Radar tracking modes and the update periods for the three simulators. 

These data show that the sample interval for each of the tracking modes differs 
from the update periods of the three parent simulators. This would imply that 
the radar discrete time tracking loops must operate in an asynchronous-fashion 
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TABLE 3-5 SUMMARY OF KU-BAND RADAR AND PARENT 

SIMULATOR CYCLE TIMES 










w^th Che parent simulator. However, rather than attempt this type of operation, 
the radar simulatior is designed Co run synchronously with the parent simulation. 
Tills means that the sample interval of the discrete tine tracking loops will be 
an integral number of update periods of the simulation computer. Then the 
primary question is, whit is the impact oi this design decision on the tracking 
performance? Observe that the minimum update rate of the three simulators is 
approximately 4 hz and the maximum loop bandwidth for any of the servos in any 
of the tracking modes is well under 1 hz. Therefore the minimum sample rate of 
the computer is at least four to five times Che tracking loop bandwidth and Che 
fidelity of the loop response should not be affected. We offer an example to 
illustrate this point. Consider a target at a range of 0.4 nm (largest band- 
width) which is not moving at time t<o and is being tracked by Che radar. At time 
t-o, the target is given a step of 10 mrad/sec in roll rate with respect to the 
radar. The angle rate loop step response la then generated using update intervals 
of 50., 100., 200., and 400. milliseconds and plotted in Figure 3-2. These results 
show only slight error in Che response for sample intervals as large as 200 m sec. 
3.4.2 Maximum Cc-rnputatlon Time Requirements 

Table 3-6 gives Che computation time alloted to Che radar simulation 
per cycle for each of’ the simulation computers. Assuming the present multiple 
point scaccerer target model, these computation times can be converted to the 
maximum number of points allowed using empirically determined conversion factor. 

The maximum number of points and the conversion factors for each simulator are 
listed in the Table 3-7. 
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Table 3-6 SUMMARY OF ALLOWED COMPUTATION TIME PER CYCLE 



Table 3-7 MAXIMUM NUMBER OF ALLOWED TARGET 
POINTS FOR EACH SIMULATOR 


SIMULATOR 

— . . 1 

TIME PER TARGi"’,.. 

ALLOWED COMPUTATION 
TIME,ras 

MAXIMUM NUMBER 
OF POINTS 

SMS 

TBS 

TBS 

TBS 

SES 

- 5.7 

200 

35 

SAIL 

TBS 

TBS 

TBS 
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TARGET MODELING METHOD 


I'ho purpose of Cargec modelinn is to predict target effects on the 
radar ineasurement accuracies. In this section, the general modeling approach is 
described, an example of the method applied to the SPAS spacecraft is provided, 
and a mathematical description of the resultant target return signal at the radar 
is given. 

A. 1 GENERAL APPROACH 

As stated in the proposal , virtually all of the target effects 
analyses in the literature treat the target as a collection of point scatterers. 
This approach was adopted for the computer simulation described in this report. 
More specifically, our modeling method divides the spacecraft scatterers into two 
distinct classes: (1) those associated with simple geometric shapes and (2) 
those which are not. Simple shapes are modeled as point scatterers with the 
appropriate locations and their associated cross section functions to express the 
angular variation. (A review of the quantitative cross section results, taken 
from the literature, for several useful geometric shapes is provided in the next 
subsection.) Intricate or rough-surfaced areas of the spacecraft are modeled as 
random scatterer fields, which in turn are modeled by point scatterers with 
with random amplitudes and specified angular variation functions. For both types 
of scatterers, the angular variation of the cross section amplitude includes 
the approximate effects of shadowing caused by neighboring elements. These cross- 
section functions do net Include phasing. Instead, phase effects are accounted 
for via the spatial separation of the target's scatterers; this is shown in 
quantitative terms in section 4.4. 

Details of the modeling method, especially the rough-surfaced modeling, 
are best Illustrated by the SPAS modeling example of section 4.3 
4 , : SC ATTERING CENTERS AND CROSS SECTIONS FOR SIMPLE AND REPRESENTATIVE 

SHAPES 
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The cross section literature can be used to extract point-scatterer 


models for simple geometric shapes, as follows. 

4.2.1 Smoothly Curved Bodies (Reference 13) 

A well-known result of the geometrical theory of diffraction is that the 
main RCS contribution from a curved surface comes from the "specular point" at 
which the radar line of sight (LOS) is normal to the surface. The cross section 
is 


<r - 


where Rj^, are the surface's principal radii of curvature at the specular 

point. This principle is illustrated by the following examples. 

2 

Sphere . Here a ■ ir a where a 
is the sphere's radius. The specular point 
lias on the sphere's surface at the inter- 
section of the LOS. 



Hemlspherical-Ended Cylinder . The specular point is on the upper 
hemisphere when the LOS is from above. One has 


V = Ta 

for all 0 except 0 ■ 90°; for the latter, 
the result for the cylinder (reference 14, 
p.9) yields 


„ ZmaL" ,2 

^ " — \ ” 


with dimensions in meters and X ■ 0.0216 meters 


LOS 





The width of Che "flare" at 90° can be taken Co be + ^ ■ + 1.24 degrees ^ 

The specular point lies on the intersection of the LOS with the cylinder's 
surface in Che xy-plane. 

Toruspherical-Ended Cylinder . In the toruspherlcal-ended cylinder, the 
ends consist of a section of large radius joined tangentially to a toroidal section 
Chat in turn is joined tangentially to the cylindrical section (See Figure 4-1). 
Here we have 


ira 




[‘•o -l’ 


0 < 0 < 0 

' ‘ c 

sin. 0 






2ir aL 


1 2A 

0 - 90® + degrcen 


where we have used the results of Ref 13, p.ll4 for the toroid. 

When the end is designed for maximum strength (everywhere equally stressed) , 
as appears the case on the SPAS MOMS cannlster. 


a ■ 2a 

o c 


*1 ■ 


and 


sin 0^ - 0.4 (0 - 23.6 ) 

o o 


a ■ 


4ira , 0 < 0 

c ’ ' ' o 


a 2 
ir c 

9 

2 irha 


[sil 0 * 


0 - 90 ^ 


0 < 0 < 90 " 
o 
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Other Shapes 


Cylinders. Reference 14 provides cross sections for cylinders and discs. 
The flat-ended cylinder has three specular points at the Intersection of the 
plane containing the LOS and the visible edges of the ends (Figure 4-2). The 
cross sections associated with these points are 

<, . r zJL— i i] 2 

1 ® I 1 + 2 cos I (ir+29) J 


.0046m ^ 
*^2 " sine ■ 


.0046m ^ 

" gin G 


Note: 


+ — ► Vertical Polarization 
- — » Horizontal Polarization 


f 1 + 2 cos ^ 

r — zi 

L 1 + 2 cos ( w-20) 



2 


2 


These relations indicate negligible contributions except near normal incidence 
(9 ■ 0°, 90°). For 9 ■ 0°, one has 

Og - 265,000 a ^ |0|< 

And at 9** 90°, one has 

- 291 aL^ 1^1 * 50° + 

Wire, Struts . A typical spacecraft has structural elements that are 
typically modeled as wires, l.e., long thin elements. Reference 13 (p.l07) 
indicates that for a long thin w :e (or edge) that 


a " 


2 2 4 

X tan 9 cos » 

16 ir ^ 


■ 9.4 X lO”^ tan ^ 9 cos ^ 4 


L ^ 4 

4 COS ^ ♦ 


45 


9 <90° 


2 

m 


9 - 90° 



wlu'i'o Is the .insle ot‘ polarization incidence and is the angle between Che 
Li‘'S .ind Che wire axis. Thus a significant contribution is seen only at broadside, 
reflecting the conclusions of reference 15 that edges don't provide significant 
RCS contr ibut ions . 

Corner Reflectors - Dihedrals . The RCS for a dihedral reflector shown 
in Figure 4-3 is (Reference 16. p. 589) 


o ■ 16it a^b^ Sin^ ( ^ 


at incidence perpendicular to the reflector axis and falls off rapidly away 
from normal. 

Corner Reflectors - Trihedrals . Square trihedrals have cross section 
0 - — with A the area normal to the LOS for which energy is redirected 

X 

iRef. 13, p.23'^), and for a square ref lector, (Ref . 16, p.591) 


12 It L 


80,802 


with L the width of each face. This RCS is maintained over a 23 degree cone 

2 

about the symmetry axis. A 1-inch corner reflector thus has .033 m cross 
section. 

4.2.3 Reflector Antennas 

On boresight , an antenna provides an enormous RCS. Let G(0) be the 
antenna power gain pattern. Then 

X"p G"(9) 


where p i.s the antenna power reflection coefficient, and usually approaches unity 
out of b.tnd . One has 

4 trA 

C (o) - n 2 — 

X 


4 n .*» ? 2 

0 - nA -p Gj.j(0) 
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whore normalized to its maximum value. Taking P ■ 1, X ■ .0216 m yields 


0 - 26934 A'n G?,(0) 
N 

or for a circular aperture of diameter D 

a - 16611 d\ G^(9) 


and Caking n ■ 40? yields 


0 - 10774 A^gJ(0) 

N 

- 6645 D^gJ(0) 

The width (first null) of this flare is about + A/D radians or + 1.24/D degrees. 

For a parabolic antenna, the reflector surface provides a significant 
return over a broad angle. For a body of revolution, Reference 13 gives 


0 ■ itRiR2 



X 


sin 


4 


e 


where the geometry is as shown in Figure 4-4. For the reflector 


X - 2V^ 

with f the focal length; then one obtains 

2 4 

0 ■ nf cos 0 


and for 


f/D - .5, 

.2 


0 - 


xD~ 4„ 

cos 0 


.785 cos ^0 
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This RC3 contribution is seer so long as the LOS intersects the reflector at 
normal incidence somewh'''’e. This occurs if 


|o|< tan^ “ 9 

— dx o 

a .--ID 

0 "tan 
o Af 

■ 26.6 degrees for ^ ■ 0.5 

4.3 SPAS MODEL 

4.3.1 Satellite and its Coordinate System 

Figure 4-5 shows the SPAS satellite in isometric view and identifies 
our coordinate system. Figure 4-6 shows a drawing of the satellite. Define the 
following angles: 

0^ ” Angle between LOS and x-axls 

■ <*,) 

■ Angle between LOS and y-axls 

■ (\- *,) 

(®l,- *r) 


where u , u , u are unit vectors aligned with the x, y and z axes, and 

X y z L 

is a unit vector aligned with the LOS. 

4.3.2 Scatterer Selection Strategy 

Two classes of scatterers may be identified: those that arise due to 
geometric shapes discussed in Section 4.2, and those that do not. Among the 
former are tanks, experiment cannlsters, mounting pallets, and the S-band antenna. 
Among the latter are complex areas such as are seen on the SPAS electronics pallets 
or structural areas, where multiple bounces and comer-ref lector-like areas can 
give rise to significant and relatively orientation-free return. We model the 
former explicitly, and attempt to model the latter by associating point scatterers 
with Che major complex areas, choosing the scatter cross section using a rough- 
surface model. 


51 




ORIGINAL PAGE IS 
OF POOR QUALny 


4 - X 



MANIPULATOR 
STOWED 
.06 PLOYED 



13, 26 
39 


ORBfTER PAYLOAD 
CABLE tray 



od! 


T . 


HOLDOUT FR.A^ff? 



Figure 4-6. Drawing of SPAS Spacecraft 
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4.3.3 


Point-Scatterer Model 


Table 4-1 lists the po:i.nt scatterers that comprise the SPAS model. The 

angular region of applicability for each scattetcr is indicated by the (p , 4i , and 

X y 

ij) columns and these entries provide an approximate inclusion of shadowing effects. 
z 

Notes in calculating the cross sections are included as appendix E. 

Scatterers 1 through 34 reflect geometries discussed previously. Specular 

2 

flares due to plates have been limited to 700-1200m to reflect the fact that these 

surfaces are not usually good enough to provide the several thousand square meters 

predicted theoretically. Scatterers 35 through 54 are Intended to model complex 

areas. The cross section for each area can only be guessed. The rationale for 

2 

our guess is as follows. The area of each complex surface is about .5m. Taking 
a rough surface model (Models 9A4, 9A5 of Ref. 16, p.678) yields 

a * Ao 

o 

A = 0.5 m^ 

a => n cos 0_ 
o 1 

H * Backscatter coefficient 

0„ » incidence angle (angle from LOS to surface normal) 

The constant n has been determined experimentally for terrain and ranges from 

-30 to -15 dB for vegetation and ranges up to +10 or +20 dB for cultural areas. 

2 

We take n * -10 dB to obtain o * 0.05m at normal incidence and allow the RCS to 
fall off as the cosine of the incidence angle. This value should be randomized 
to avoid interference effects. 

At ranges for which the radar beam encompasses the target, modeling 
these areas as points still allows the radar's range and angle trackers to wonder 
over the target since variation in the relative phasing among scattering areas. 
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TABLE 4-1 SPAS POINT 3CATTERER MODEL 


Feature 

XY Plane 

O.a^ 






♦,.<*ag. 

♦j.dat- 

Viewed from + X 
Tank “ 1 

2.6 

.24 

-.83 

.15 

-.1 

<90 

50-150 

90 +4.1 

2 

2.6 

.24 

-1.05 

.15 

-.1 

<90 

35-150 

90 M.l 

3 

2.6 

.24 

-1.27 

.13 

-.1 

<90 

30-155 

90 +4.1 

C«nalsccr i 

61 

.37 

1.05 

0 

-.29 

<90 

0-145 

'.0 +1.5 







90-180 

73-155 


S 

61 

.37 

.35 

0 

-.29 

<90 

25-155 

90 +1.5 







90-180 

47-155 


6 

61 

.37 

- .35 

0 

-.29 

<90 

25-180 

90 +1.5 






- 

90-180 

12-135 


Dom 7 

25.7 

-.35 

-1.05 

-.8 

-.315 

— 

-145-145 

90 +2.3 

Plates 8 

13 1100 

.12 

1.9 

0 

0 

< 2.1 

- 

90 +1.5 

9 

13 900 

.12 

-1.05 

0 

0 

< 2.1 

- 

90 +1.5 

10 

13 lOOO 

.12 

-1.8 

0 

0 

< 2.1 

- 

90+1.5 

Viewed from 









Cyl. End U 

850 

-.3 

2.0 

-.67 

0 

— 

0+2.6 

90 +2.6 

Viewed froe -Y 









Cyl. Did 12 

1200 

-.3 

-2.0 

-.67 

0 

— 

180+2.6 

90 +2.6 

Coaa Ant 13 

3322 

-.35 

-2.0 

0 

0 

— 

180+2.5 

90 +2.5 

XZ Plane 









Cylinder 14 

1117 

-.3 

0 

+.67 

.24 

— 

90+.3 

0-125 

Platts IS 

7C0 

-.35 

1.7 

-.48 

0 

90+1.5 

90+1.5 

0+1.5,180+1.5 

16 

800 

-.35 

1.05 

-.48 
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TABLE 4-1 SPAS POINT SCATTERER MODEL (Continued) 
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Chal causes the wander, is modeled by the phys^-cal separation of multiple 
scattering areas. 

At short ranges, the radar beam may encompass only one of these areas, 
and thus the wander effect will not be observed. Appendix F develops a simple 
model for wander that adds a "wander vector" to the scattering points given for 
the complex areas. 

4.3.4 Effect of Thermal Blanket 

Several, if not most, of the spacecraft will be wrapped by multi-layer 
insulation. The RF properties of this material are not known at present. If it 
is effectively conductive, it will tend to reduce flares and promote diffuse 
returns. The effects are almost impossible to predict analytically and measure- 
ments would be very desirable. 

4.3.5 Recommendation 

The validation of an analytical model of as complex an object as a 
spacecraft requires measurements. It would be very desirable if 

a. Data can be taken with the Ku-Band system tracking 
a spacecraft - like target in the planned White 
Sands tests. 

b. The RCS of a SPAS mockup could be measured with and 
without thermal blankets. 

4.4 MATHEMATICAL DESCRIPTION OF TARGET RETURN SIGNAL 

If we assume a single pulse was transmitted, then the expression for the 
noise-free return signal from a single point scatterer at the antenna sum 
(difference) channel output is given by 


(4.1) Sj^(t) = cos 




t 
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o ■ RCS of k th scatterer, 
k 


C 


R 


P_G 
T o 



4 


(4 IT 

Range of k th scatterer 


- Range of target c.g., 

- antenna sum (difference) pattern weighting 
normalized to the peak gain. 




transmit losses. 


■ Peak transmit power, 

G * Peak one-way antenna gain, 

o 

1 ■ wavelength of carrier frequency, 

c 


f 

c 



carrier frequency, 

■ doppler shift of k th scatterer. 


■ delay of target return relative to 
the target c.g. return. 



c “ speed of light 



1, 0 4 tA.tj. 

0, otherwise ^ 


t^ * transmit pulsewldth 
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Then, assuming tne ancenna is linear, by applying Che principle of linear 
superposition the resultant return signal for the entire collection of point 
scatterers at the sum (difference) channel output terminal can be written as 


(4.1a) 


N 

S (t) * I S (t) 
k-1 


where the target is composed of N point scatterers. A nice feature of the 
present target model hidden in equations (4.1) and (4.1a) is that this model 
easily handles the spatial integration of the return signal performed by the 
antenna. 

In the rest of this subsection, additional details of the antenna 

weighting factor and scatterer phase computation models are given. Computa- 
tion models for the other terms in equation (4.1) have either been explained 
earlier or the computation is clear from the definition of the term. 

4 . 4.1 Antenna Weighting Factor Computation 

Computation of the antenna sum and difference pattern weighting factors 
makes the assumption that the return signal from a single point target at the 
radar is a plane wave propagating from the direction of the scatterer. The sum 
and difference pattern we5ghts can then easily be determined from the antenna 
sum and difference pattern models described below. 

The sum pattern weighting is computed with the following expression 


(4.2) P (0) * — " (sum pattern weighting) 

S X 

where x ■ 93.80 0, 

0 » target angle off boresight. 

Figure 4-7 illustrates the pattern given by equation (4.2). This pattern has 
a 3 dB two-sided beamwidth of 1.7° and is assumed to be symmetric about the 
bore; For the k th target, the angle off boresight is computed with 


(4.3) 


‘■'kz ' I 'k 
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The azimuth difference pattern weighting is computed from 


(4.4) 


AZ 


1.1465 


[ 


y cos y - sin y 

y2 


(difference pattern 
weighting) 


where y - 93.8 a . This pattern is assumed to be symmetric about the y-axis 
of the LOS frame and is illustrated in Figure 4-8. The angle A for the k th 
target is obtained from 


(4.5) 



The elevation difference pattern weighting is also computed using equation 
(4.4) only in this case the angle A is given by 


(4.6) 


A 


e 


kel 


.-1 

sin 




and the pattern is assumed to be symmetric about the x-axis. 

4.4.2 Computation of Scatterer Phase 

From equation (4.1) the initial (t * o) phase associated with the k th 
scatterer is given by 


^ •-2‘ir (f + f ) t. . 

k c k k 

If we choose the time origin appropriately, then < < 1 for all k and as a 

result 






For example, the time origin can be located at the center of the range gate or 
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at the leading edge of the return from the target c.g. which would give either 


^ X, 

or 

. 4 (W 

\ • 

c 

4.5 COMPUTER ALGORITHM DETAILS 

Figure 4-9 Illustrates the target scattering model computer algorithm. 
This algorithm computes the value of the RCS In the direction of the radar 
for each scatterer and the location of the scattering center for each 
scatterer. Using the modeling description given In sections 4.1 through 
4.3 and adhering to the real-time computation constraint, the algorithm 
was structured as follows: 

(1) determine all scatterers with nonzero RCS In the direction of the 
radar, 

(2) determine the specular point location for those scatterers where 
the geometric optics approximation applies, 

(3) compute the RCS for all rough surface scattering areas that are 
Illuminated, 

(4) if at close range, determine the scattering center for the rough 
surface (or diffuse) scattering area using the method presented 
In Appendix F. 

Details of each of these steps are given In the remainder of this subsection. 

The purpose of the first step is to weed out all of those scattering 
areas which are not illuminated or have, for all practical purposes, no RCS 
in the direction of the radar. Towards this end, we first compute the direc- 
tion to the radar from each of the scattering centers using the expression 
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FIGURE 4-9 TARGET MODEL COMPUTER ALGORITHM (2 of 3) 
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FIGURE A-9 TARGET MODEL COMPUTER ALGORITHM (3 of 3) 
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(4.7) 


XT , -^-T -►T . , |-*-T -*-T| 


where 


->-T 

= location of the radar in the target 
coordinate system. 


The kth scatterer is declared to have a nonzero RCS in the direction of the 
radar if the components of the direction vector satisfy the following 
inequalities 


(4.8) 




X. y, 2 


where the and the are determined using the appropriate method 

outlined previously. 

Step (2) of the algorithm is to determine the location of the specular 
point (or scattering center) for those scatterers where the geometric optics 
approximation applies and with nonzero RCS in the direction of the radar. 

For the SPAS scattering model, all of the specular scatterers have circular 
or spherical symmetry. In these cases, the specular point can easily be 
calculated from the simple expression 


(4.9) 


-►T -*-T , 

s, » r, + a, u, 
k k k k 


for all k 


where 


r^ = location of the centroid of the simple 
shape in the target frame. 


a^ * represents the appropriate radius for the kth 
scatterer. 


It is remarked that for those scatterers where specuiar reflection does not 


apply, the a^ are set equl to zero. 
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The third step is to compute the RCS for all scatterers which were 
found in step '^1) to have a nonzero RCS in the direction of the radar. 
Scatterers representing simple geometric shapes require no work since the 
model for these scatterers are assumed to have a contant RCS over the region 
where its theoretical RCS is significant and zero where it is not significant. 
However, the rough-surface scatterers require some calculation to obtain 
the proper RCS value. In section 4.3, this calculation was given as 


(4.10) 


"k *ki 


where 


n, * backscatter coefficient for the kth 
k 

scatterer, 

A /»T . T 
“"♦ki ■ \ \ • 

T 

* normal to the kth rough surface scatterer. 


The fourth and final step is to determine whether the target is at close 
range (defined below) ...nd, if it is at close range, to compute the position 
of the rough surface scattering center using the method of Appendix F. The 
idea is that one wants to avoid using a nonfluctuating scattering model when 
the target is close enough so that only one (rough surface) scatterer occupies 
the full 3 dB antenna beamwidth. Since all rough surface scatterers in the 
SPAS model have the same dimensions of 2.3 feet by 2.3 feet and the 3 dB 
beamwidth is taken to be 1.68 degrees, the criterion for closeness is easily 
computed to be a range of 78 feet. As an added measure of safety, the boundary 
for close range was established as approximately 300 feet. Also a hysteresis 
loop (shown below) is used so that the close range model is not swapped in 
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r, feet 


and out rapidly when the target range is jittering about the close range 
boundary. 

To determine whether the short range model applies we first compute the 
range to the radar in the target frame using 

('».1D rj(n) = |xj (n)l 

Next, the output of the hysteresis loop for the present update period is 
obtained from the following relations: 

r^(n) < 290 ->■ h(n) = 1 

r^Cn) ^ 300 -► h(n) = 0 
R 

(4.12) 

290 <r^(n)<300 and h(n-l) - 1 h (n) =1 
R 

290<r^(n)C300 and h(n-l) - 0 h (n) =0 . 

K 

The short range model is invoked if 


(4.13) 


h(n) = 1. 
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I 

-i 

li it has been deCermined from the above procedure chat the short 
range model should be used, the computation of the "wander" in the rough 
surface scattering center is performed in the following manner. (To faci- 
litate the explanation it is assumed that the normal to the kth rough surface 
scatterer is parallel to the z-axis of the target frame.) First, the incidence 
angle is computed with the expression 

(4.14) (\(n) . z^) 

and is then used in the update of the components of the wander vector as 
follows 

(4.15) 
where 


Xj^(n) = a (n) Xj^(n-l) +a^ j^l- a (n)j ^ u 

a (n) “ exp ^ 

(n) - 'I'jtiXn) - (n-1). 


= length of the x-dimension of the rough surface 


scatterer. 


a ^ / (12 N^) 

ox F 


and u represents a selection from a population which is uniformly 

distributed over the interval ^ j • y-component of the wander vector 


is obtained by replacing all x's by y's in equation (4,15). 

The only detail that remains is the intialization of the difference 
equation given in (4.15), i.e. determining the value of x^^(o) and y^(o) , when 
the close ra.-ge model is first invoked. This is accomplished by choosing the 


X (o) and y. (o) from a random population with the appropriate statistics. 

rC K 


Quantitative.lv , we have 

(4.16) 




U [-4, 
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5. 


SEARCH AND ACQUISITION MODE COMPUTER MODEL DESCRIPTION 


As stated in the introduction, the search and acquisition mode per- 
formance computer model is provided for the purpose of crew training only 
which dictates the following design objectives: 

(1) to provide a real-time simulation, 

(2) to provide accurate timing of discrete events appearing 
on the cockpit radar display, 

(3) to provide accurate operation of cockpit radar display meters, 

(4) to provide accurate responses to all cockpit radar controls. 

Since the model is not required for critical engineering evaluation of the 
Ku-Band Radar search mode performance, the design objectives above can be met 
while providing only a representative model of the target and detection pro- 
cessor. 

Figure 5-1 illustrates the basic structure of the search and acquisition 
computer model. This model consists of a main control program and three major 
subprograms dedicated to (1) the glmbal pointing loop model, (2) the spiral scan 
model, and (3) the target detection model. The functions of the main program 
are to decide which antenna steering mode has been requested and then update 
the search sequence for that steering mode. Updating the search sequence requires 
a check of internal and external controls to determine which of the three models 
listed above should be invoked. In the remainder of this section the details 
of the main algorithm and the point, scan, and detection models will be presented. 

Before launching a detailed description of the algorithm, we must state a 
fundamental assumption that was made in the development of the search and 
acquisition mode computer model: all of the acquisition mode logic was Ignored 
since it is transparent to the crew. Impact of this assumption is to introduce 
some error into discrete event timing under certain conditions. For example, 
neglecting the mini-scan will cause a noticeable timing error. 
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5.1 


SUMMARY OF KU-BAND RADAR SEARCH MODE OPERATION 


5,1.1 General Antenna Steering Mode Operation 

This subsection provides a brief description of the Ku-Band Radar s'*nr-a 
mode procedure for each antenna steering mode. For a given antenna steering mode, 
the general procedure is the same for active and passive targets; the only 
difference between active and passive are in the waveforms and processing as 
discussed in the sequel. 

GPC-ACQ Search and Acquisition Mode . In this mode, the radar accepts 
angle designates from the GPC. The antenna then slews towards these designated 
angles and attempts detection once inside zone 0 (within 3° of the designated 
angles). If the antenna moves into zone I (within 0.3° of the designated angles) 
without a detection and the search initiate is low, the antenna stops at the 
designates, awaits new angle designates or a search initiate from the GPC, and 
still attempts detection. If the antenna is in zone I and the search initiate 
command has been given, the antenna begins scanning using a spiral pattern, 
centered at the inertially held target angle designates. The scan will last for 
60 seconds or until a target has been detected, which ever comes first. If a 
detection does not occur, the antenna returns to the designated angles and awaits 
new designates or another search initiate command. If a detection occurs the 
system progresses to the acquisition mode where a mini-scan (if required) and 
a sidelobe avoidance test are performed. Depending upon the outcome, the 
system proceeds to the rack mode or returns to the search mode. Details of 
the acquisition mode are deliberately sketchy because this Inode is not modeled 
as noted earlier. 

GPC-DES Search and Acquisition Mode . Search operation in this antenna 
steering mode is identical to the GPC-ACQ mode minus the spiral scan capability. 
That is, the antenna only moves if it receives new angle designates from the 
GPC. Rules for when target detection is allowed are the same as GPC-ACQ and the 
waveforms and processing for active and passive operation are identical. 
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Auto Search and Acquisition Mode . In this mode the crew moves the antenna 


to the desired position using the antenna slew switches on the radar console. 

Using these slew switches, the antenna can be slewed up or down and left or 
right at either 20 degrees per second or 0,4 degrees per second. When the antenna 
is being manually slewed, target detection is only allowed if the slew rate is 
less than or equal to 0.4 degrees per second. Once the antenna has been slewed 
to the desired position and no target detection has occurred, the crew can 
initiate a spiral scan search. After a scan is initiated, the antenna will 
continue to spiral outwardly for one minute (to 30° off the body-stabilized scan 
center) or until a target is detected whichever comes first. If a target is 
not detected then the antenna returns directly to the scan center and awaits 
either a slew command or another search initiate command. If a target is 
detected the system proceeds to the acquisition mode. 

Manual Search and Acquisition Mode . The manual search mode is identical 
to the Auto search mode minus the spiral scan capability. That is, the antenna 
position can only be changed via the slew switches on the radar console and 
target detection is only allowed if the commanded antenna slew rate is less 
than 0.4 degrees per second. The transmit waveforms and signal processing for 
this mode are identical to the Auto mode. Manual control of the aiatenna is 
also maintained during the acquisition and tracking phases. 

5.1.2 Display Meters 

The only meters that are operational during the search and acquisition 
mode are the roll and pitch angle meters. These meters monitor the antenna 
position during search and acquisition. All other meters, including the signal 
strength meter, are zeroed during this phase. 

5.1.3 Search Mode Waveforms and Signal Processing. 

Two types of detectors are used in the search mode: a single-hit detector 
shown in Figure 5-2 and a constant false alarm rate (CFAR) detector shown in 
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Figure 5-3. The situations where these two detectors are used are sunmarized 
below. 

Passive GPC Modes . The passive GPC modes use a single hit detector when 
the designated range is less than 0.42 nm, and the CFAR detector when the designated 
range is greater than 0.42 nm. In single-hit detection, returns from the first 
3000 feet are processed through the hit detector. In CFAR detection two over- 
lapped range gates centered at the target range designate are used to obtain a 
detection. (We note that the range gates are of width 3/2 t^ and overlapped by t^ 
where t^ is the transmit pulse width). Figure 5-4 gives the general waveform used 
for all designated ranges and Table 5-1 summarizes the waveform and processor 
parameters used at each designated range. 

Passive Auto and Manual Modes . These modes use the relatively complex 
waveform shown In Figure 5-5. As noted In the figure, this waveform requires 
both types of detectors during an update period. That Is, for a given transmit 
frequency the first three pulses are processed through the hit detector and 
the last 16 pulses are used In the CFAR detection process. In single-' " 
detection, returns from the first 3000 feet are processed through the hit detector. 

In CFAR detection, four juxtaposed range gates, of width t^ and covering the 
interpulse period are used to obtain a target detection. Table 5-2 gives the 
waveform and processing parameters for these modes. 

All Active Modes . Single-hit detection is employed in all active search 
modes. Only one transmit frequency is used, the PRF is fixed at 268 Hz, the 
transmit pulsewidth is 4.15 microseconds, and' the' sataple interval is 2.075 microseconds 
under all conditions in the active mode. Target returns from up to 300 nm 
are processed through the single-hit detector. Also it is noted that the target 
range designate is ignored in the GPC active search modes. 

5.1.4 Antenna Scan Operation 

GPC-ACQ Passive or Active Modes . In this mode, the scan can only be 
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TABLE 5-2. PARAMETERS FOR AUTO AND MANUAL PASSIVE SEARCH MODE 







commanded by a search Initiate command from the GPC. The scan Is centered at 
the angle designates received In the frame when the Initiate command is given. 

The antenna begins executing the spiral scan pattern when the antenna has moved 
to within 0.3 degrees (Zone I) of these angle designates which are inertially held. 
Once the scan has been initiated the antenna spirals outwardly to a predetermined 
angle off the scan center, which depends on the target designated range, and begins 

to spiral Inwardly. (These predetermined angles off scan center are called 
switch points and are summarized in Table 5-3). All scans will last 60 seconds 
or until a target is detected which ever comes first. It is also noted that 
the scan will terminate if the system mode or the antenna steering mode is changed. 

Auto Passive or Active Modes. In this mode, the crew selects the scan 
center by slewing the antenna with the switches on the cockpit control panel. 

Once a scan center is selected, the crew initiates the spiral scan using the 
search initiate switch on the control panel. The scan pattern is the same 
in all situations. That is, the antenna spirals outwardly to 30 degrees off 
scan center and terminates. This procedure lasts for 60 seconds or until a 
target is detected whichever comes first. 

5.2 SEARCH MODE CONTROL ALGORITHM DESCRIPTION 

Figure 5-1 provides an outline of the overall structure of the computer 
implementation of the search mode. The mainstay of this computer model is the 
search mode control algorithm (enclosed in dashed lines in Figure 5-1) . The 
control sequence is (1) determine the antenna steering mode, (2) update the 
search operation using the proper antenna steering mode sequence, and (3) set the 
appropriate flags based upon the outcome of step (2) . Figure 5-6 gives the 
detailed computer algorithm (called SEARCH) used to accomplish this task. Basic- 
ally, this algorithm is partitioned into four sections where each section of code 
is dedicated to the complete search procedure for one of the antenna steering 
modes: GPC-ACQ, GPJ-DES, Auto, or Manual. The computer code for each of these 
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Table 5-3 SCAN SWITCH (FROM OUTWARD TO INWARD SCAN) 

POINTS IN GPC-ACQ MODE 


DESIGNATED RANGE, nm 

SWITCH POINT, degree 

0 Co 8 

Outward Scan Only (to 30°) 

8 to 9.2 

27.7 

9.2 to 10.3 

24.4 

10.3 to 11.8 

21.7 

11.9 to 15 

19.6 

15 to 25 

16.5 

25 to 40 

13.4 

40 to 65 

11.0 

65 to 145 

8.0 

145 to 300 

6.2 
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Figure 5-6 SEARQl MODE CONTIU)L COMPUTER ALGORITHM 
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Figure 5-6 SEARCH MODE CONTROL COMPUTER ALGORITHM 

(4 of 5) 



88 





I 

\l 

{ Fl,^ur« S-6 SEARCH MODE CONTROL C(»1PUTER ALGORITHM 
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MANUAL STEERING MODE 





sections closely mimics the operation summary given for the corresponding antenna 
steering mode in section 5.1.1 and, with the exception of the gimbal pointing 
loop reference computation, requires no further description. 

The gimbal pointing loop reference computation is performed as folla^s. 
When the antenna is being slewed manually in either Auto or Manual, the roll and 
pitch references are updated using the expressions 


(5.1) 


R 0 U^,(n) - + T, (n) 


where T ■ update interval, 

9 

^AZ " commanded roll rate at a th time sample, 

^EL “ commanded pitch rate at n th time sample. 

In the GPC modes, the gimbal pointing loop references are set equal to 
the present angle designates if the search initiate command is low. But if 
the search initiate is high the pointing loop references are maintained at the 
angle designate values obtained in the update period when the initiate went 
high. 


5.3 GIMBAL POINTING LOOP MODEL DESCRIPTION 

A computer model of the antenna gimbal pointing loop is included in the 
search model to provide reasonable fidelity in the antenna notion response to 

(1) angle designates from the GPC during GPC-ACQ and 
GPC-DES search modes, 

(2) slew commands from the console during Auto and Manual 
search modes, 

(3) slew commands from the console during Manual track mode. 

It is noted that the present model does not contain gimbal stops or a cable 

unwrap capability. A simplified block diagram of the complete antenna gimbal 
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pointing loop computer model Is given In Figure 5-7. The description of this 
model is divided Into two parts: (1) a definition of the basic servo loop model 
and (2) a detailed description of the computer algorithm which Implements the 
process Illustrated In Figure S-7. 

5.3.1 Basic Servo Loop ttodel Definition . 

Both antenna glmbal servos were modeled using the second order loop 
shown In Figure 5-8. This choice for the servo loop model Is based on the 
antenna servo simulation material presented at the March 1978 preliminary design 
review (FDR) [l^. the description of the baseline antenna servo design given in (lO 
and and discussions with Mr. J. C. Riles the antenna servo system designer 
for’ the Ku-Band Radar. Rationale for each of the basic model components Is 
provided below. The ? Irst stage of the Integration represents snM>othlng and 
shaping of the error signal and the second Integration stage represents the 
effect of the glmbal. A limiter was placed between Integration stages to repre- 
sent the fact that the commanded glmbal rate Is limited to 58 degrees per second 
In the hardware. Loop constants and t^ arc chosen to best approximate the 
characteristics of the real antenna glmbal response to slewing and designate 
commands . At the present time these constants are chosen to give a damping 
factor of 0.7 and a crossover frequency of 1.0 Hertz. 

In order to r:.present the servo model of Figure 5-8 on the computer, it 
Is approximated by the discrete-time model shown In Figure 5-9. This discrete- 
time model can be described mathematically as follows. The first step is to 
compute the error signal and update the output of the first Integrator using 
the equations 

(5.2) a(ttfl) - o (n) + T k c(n) 

* » *8 

where * smoothed o-glmbal rate estlswte at 

the n th time sample, 
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Figure S-9 DISCRBTE-TIHB APPROXIHATION OF ANTEIINA GIMBAL SERVO LOOP H(R>EL 








€ (n) ■ ®gef “ error signal at n th time sample, 

ajj^j(n) * o-glmbal reference position at time sample n, 

a(n) • a-glmbal position at time sample n, 

k > loop constant. 

S 

Next, the gimbal rate is updated by the expression 

* «=(n) + k t €(n) 

® g g 

a commanded gimbal rate at the n-(-l th time sample, 
“ loop constant. 

The effect of limiting the commanded gimbal rate is given by 




■ -58. 

. if 

i(n+l) <-58. 

(5.4) 

“(n+1) ■ 

Of (n+1) 

. if- 

■58 <«(n+l)^58 



. +58. 

. if 

•(n+1) Z 58. 


Finally, the a-gimbal position at the (n-!-l) time sample is obtained from 

(5.5) ‘(n+1) -«(n)+T eCn+l). 

s 

5.3.2 Computer Algorithm Details 

A flow chart of the antenna gimbal pointing loop computer model is given 
in Figure 5-10. The required inputs for this model at each update are the desired 
roll and pitch reference angles. In the GPC modes these references are just 
the target angle designates and in Auto and Manual the references are obtained 
from equation (5.1). Using these new roll and pitch angle references, the 
algorithm updates the a and 0 gimbal positions using the procedure outlined 
below. 

The first step of the gimbal pointing loop algorithm is to transform 
the roll and pitch reference angles expressed in body coordinates to a 


(5.3) «(n+l) 


where 


a (n+1) 

t 

g 
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angles (or, equivalently, roll and pitch angles expressed in the 
radar frame). This transformation can be expressed as 


(5.6) 


Ref 



tan 


-1 


sin 


-1 


[ S S + C S C 

8 P 8JL£ 

C C 
r P 

[ C S - S s C 1 
g P grp 


where 


g 

P 

r 

C 

S 


6/ degrees, 


-roll 


Ref 


> 


COS, 

sin. 


Also, it is noted that this transformation is Identical to that used by the 
radar, i.e. it ignores the radar offset from the orbiter c.g. and the boom 
deployment error. In the next step, the a and g gimbal positions are updated 
using the servo-loop model given by equations (5.2) through (5.5). 

Then it is determined whether the new a and 6 values lie in the 
obscuration zone. This task is accomplished using the algorithm given in 
Figure 5-11 which can be described as follows. First, the a, B angle ambiguity 
is resolved using the relations 


(5.7) 


- 90 < 8 < 90 
-180 < 0 <180 . 


Then a scan warning is determined by comparing the unambiguous a and B position 
to a map of the scan warning area shown in Figure 5-12 which was digitized to 
an accuracy of 5 degrees-by-5 degrees and stored in computer memory. If the com- 
parison shows that a, B are in the obscuration zone, the scan warning flag is raised. 

The final step in the gimbal pointing loop algorithm is to transform 
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Figure 5-11 ANTENNA OBSCURATION COMPUTATION ALGORITHM 
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a and d to roll and pitch using the expressions 


-1 


(5.8) 


Roll angle • -tan 
Pitch angle ■ -sln^ 


S S. + C S„ C- 


Ca C/J 


■] 


Cot Sfi + Cpj. 


P ■ 


These transformations are Identical to the Ku-Band Radar transformations. 
Also any angle ambiguity Is resolved using the convention given In (5.7). 


5.4 SCAN MODEL DESCRIPTION . 

The primary function of the scan model Is to provide a simulation of 
search mode operation whenever the antenna is performing a spiral scan. Des- 
cription of the scan model makes abundant use of a quantity called a "scan 
ring". We offer the following definition of this entity. It Is' noted that 
In reality the antenna traces out a spiral pattern about the scan center, however, 
we will approximate the spiral pattern as a set of concentric rings and label 
these rings as shown In Figure 5-13. With this definition In mind, the scan 
model can be described as follows. 

When a spiral scan has been Initiated from the console or the GPC, the 
model tracks the antenna boreslght position to the nearest scan ring (see 
Figure 5-14) and tracks the target poslton exactly. A target detection is 
attempted only If the boreslght and target are In the same ring In the present 
update period and were not In the same ring In the previous update period. If 
an attempt at detection is successful, the scan procuedure Is terminated and 
control Is handed over to the track routines. If no detection is obtained 
then the scan procedure continues until another target detection Is allowed or 
the scan Is completed. 

The main advantage of the model Is that It offers reasonably accurate 
estimates of elapsed time from scan Initiate to target detection or an end-of- 
scan condition for an arbitrary rendezvous situation. Maximum error In elapsed 
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cime for any situation should be no worse than + 2 seconds. It Is noted that 
there are some deficiencies in the model too. These are that (1) there is no 
inertial stabilization of the scan center during a scan in the present version 
and (2) the target detection capability la highly Inaccurate under certain target 
motion conditions. For example, when the target la moving radially with respect 
to the scan center. 

5.4.1 Summary of Scan Operation 

Rules and conditions for scan Initiation and termination in the various 
antenna steering modes are Identical to ^he Ku-Band Radar scan rules sunnarlzed 
In Section 5.1.4. 

5.4.2 Computer Algorithm Details 

Figure 5-15 gives a flow chart of the scan model computer algorithm. 

Step one of the procedure Is to determine whether or not the scan has just been 
Initiated. If the scan has just been Initiated, then the scan model must be 
Initialized. This procedure consists of raising the search flag and resetting 
the scan clock and other time parameters to zero. In step two the scan clock Is 
updated and checked for an end-of-scan condition. If no end-of-scan Is obtained, 
then we proceed to the next set of steps which Involve determination of target 
and boresight positions in the scan area. 

In the third step, the antenna boresight position in the scan area is 
resolved to the nearest scan ring. When no switch point is involved, i.e. the 
antenna only spirals outwardly to 30 degrees and stops, determination of the 
boresight scan ring location is done in the following way. Since the elapsed scan 
time is known, this value can be used to address a lookup table which contains 
the boresight scan ring position versus scan time profile shown in Figure 5-16. 
(Data for this curve was obtained from a detailed simulation of the antenna scan 
process written by Mr. J.C. Riles of Hughes.) For those modes where a switch 
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point Is Involved, the following assumption is used: at the switch point, the 
boreslght begins to retrace the profile given in Figure 5*>16. With this asstmption, 
the borwslght position can be determined in all possible scan cases using the 
profile of Figure S-16 and defining the time parameter 


(5.9) 


t^(n) 


tg^Cn-l) + 
ts«(n-l)-T^ 


^SN^**"^^^^switch 

ts^(n-l) 


where “ elapsed scan time at n th sample time, 

“ update in :erval, 

^switch " which switch occurs (measured from scan 

initiation) . 


The fourth step In the scan model procedure is to determine in trtiich 
scan ring the target is located. To do this, we first compute the target's angle 
off scan center, call it 0-„, using the expression 

bSi 


(5.10) 


where 



L " unit vector in the direction of the target 
‘o 

c.g. expressed in L-coordinates , 

'r^ ^ - unit vector in the direction of the scan 
s 

center expressed in L*coordinates . 


This value of ^g^(n) !■ u*«d to obtain the target's scan ring position from 
the scan ring number versus 9^^ curve shown in Figure 5-17 (Data for this curve 
was also provided by Mr. J. C. Riles) and scored in Che computer. It is noted 
Chat in practice only the ring transition points, denoted by 9j^, are scored 
in memory. Then, one determines the target scan ring location by choosing 
such that 9i ^ Og^j 
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In Che final accp, it is dcternined whccher a dececclon accempc (using 
Che dececcion model described in Section 5.5) should be made. A dcCection will 
be accempccd if the target ring number and the borcslght ring number satisfy the 
following two conditions: 

(1) they are equal in the present update period, 

(2) they were not equal in the previous update period. 

If a target detection is attempted the following logic governs the outcome of 
the process. If the target is not detected the scan is continued. If the 
target is detected the scan is halted, the target present flag is raised (MTP"1) 
the search flag is lowered (MSF>0) , and control is handed to the track sub- 
routine. 

It is emphasized that m acquisition mode operations are modeled, 
including the mini-scan sequence. It is also assumed that any detection is a 
malnlobe detection and the track mode is initialized accordingly. 

5.5 DETECTION MODEL DESCRIPTIOM 

The detection model provides a simulation of the detection process 
for each of the search modes. Figure 5-18 gives a simplified flow chart of the 
detection model computer algorithm. The basic model consists of two types of 
detectors, a CFAR model and a single-hit model, and some control logic that 
decides which operating parameters and detector types should be used. In the 
remainder of this subsection, the modeling assumptions are listed, the two 
detector models are described, and the co^>uter algorithm details are provided. 
5.5.1 Model Assumptions 

The following assinsptions were used in the development of both detector 

models: 

(1) the target is a point scatterer with a slowly fluctuating 
(Swerling II) RCS which has a fixed, predetermined average 
value for all aspect angles. 
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Figure 5-18 DETECTION MODEL COMPUTER ALGORITHM 






(2) the target radial velocity does not change over the 
data cycle, 

(3) for all nonscanning modes, the beamshape loss obtained 

at the beginning of the data cycle is used for the entire 
data cycl . 

(4) for all scanning modes, an average beamshape/scan loss, 
based on the target position in the scan pattern and computed 
using a simulation documented in [193 , is used instead of 
computing the loss on a pulse-by-pulse basis. 

In some cases, assumption (1) can have a significant impact upon fidelity 
of the detection process. However, if the fixed average RCS is chosen 
carefully, then this model should provide the crew with a reasonable feel for 
the target detection capability. Assumptions (2) and (3) are forced on us by 
the constraints of real-time operation. That is, the motion is only updated 
at the sample rate. Ue are stuck with assumption (4) because of the method 
selected to model the scan process and the real-time constraint. 

5.5.2 CFAR Detection Model 

Figure 5-19 illustrates the CFAR detection process. For a given target 
range and velocity, target position in the scan area, and average target RCS 
value, the basic idea of the procedure is as follows. First, the SNR at the 
doppler filter output is computed. (This value excludes beamshape/scan loss 
when scanning but includes beamshape loss when not scanning.) This value of 
SNRp is then used to determine the probability of detection from a precomputed 

Pp versus SNRjj curve which is stored in computer memory. The statistical 
character of the detection process is injected oy selecting a number x from a 
population which is uniformly distributed on deciding the outcome of 

the detection process using the algorithm 
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*No«lna] Means Beaashape and Scan Loss Is not Included. 





(5.11) 


X j< Pjj target detected 
X > Pjj target not detected. 

It is noted that the P^ versus SNR^ data implicitly contains the beam- 
shape/scan loss in those cases when the antenna is scanning. Further details 
of the Pjj curves are provided in Section 5.5.4. 

5.5.3 Single-Hit Detection Model 

A block diagram of the single-hit detection model is given in Figure 5-20. 
Fundamentally, this procedure is Identical to the CFAR detection model. However, 
in this case the SHR at the video filter output is used to obtain the required 
probability of detection P^ from the proper P^j versus SNR^ data stored In a 
lookup table. Once the P^ Is selected the rest of the procedure Is Identical 
to the CFAR procedure. 

As In the CFAR case, the SNR^ computation excludes the beamshape/scan loss 
when scanning but Includes the beamshape loss when not scanning. The P^^ curves 
will Implicitly contain the average beamshape/scan loss In the scanning cases. 

5.5.4 Determination of Pjj(SNR) Data 

All of the Pjj curves required by the detection algorithm were generated 
using a very accurate model of the Ku-Band Radar search mode processor, modified 
appropriately for each case. This simulation model, documented in Reference 
can be described as follows. It contains a very accurate model of the signal 
processor and a slowly fluctuating (Swerllng Il-type) target model. The model 
also contains the capability for including an average scan loss in the P^^ 
computation. This capability is too involved to describe here. Therefore the 
reader Is referred to for complete details of the average scan loss model. 

It is noted that the scan model uses the scan parameters, i.e. target dwell time 
and beam overlap, associated with the outer edge of the scan pattern for all cases, 
regardless of target position in the scan pattern. If time permits, the scan loss 
will be modeled more accurately. 

— - - - 
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For a given set of conditions, the simulation model of [19] computes the 
SNR versus Pj^ profile in the following manner. For a given nominal SNR^ 

(nominal means ignore the beamshape/scan loss) , the Monte Carlo technique Is 
employed to determine the associated P^. Then, performing this computation for 
a range of SNR^ values gives the desired versus SNR data. We note that 
the range of SNR is always chosen so that the data oolnts adequately described 
the curve from 5% to 95Z P^j. Figure 5-21 gives an example of the resulting data 
for the GPC-ACQ CFAR scanning case. 

As a side remark we note that the data generated by this model for the 
CFAR case Implicitly contains an average beamshape/scan loss (If scanning) , the 
losses associated with the magnitude detector, and the losses due to the thre- 
holding technique. In the single-hit detection cases this data will contain 
the average beamshape/scan loss implicitly (If scanning). 

The Pq (SNR) data will be modeled on the computer In the following way. 
For all CFAR cases, data will be generated by the simulation described above 
for SNP.Q values ranging from 0 dB to 20 dB spaced at 1/2 dB Increments. For 
any SNR^^ values above 20 dB, the P^ Is set equal to 1 and for values of SNR^ 
below - 0 dB, the P^ Is set equal to 0. For all single-hit cases, P^ data will 
be generated for SNR^ values ranging from -25 dB to -5 dB' spaced at 1/2 dB 
Increments. SNR^ values outside this range are treated in the same manner as 
the CFAR case. 

5.5.5 Computer Algorithm Details 

The detection computer model consists of a set of three algorithms: 

(1) the control algorithm shown in Figure 5-18, (2) the CFAR detection algorithm 

shown in Figure 5-19, and (3) the single-hit detection algorithm shown in Figure 

• • 

5-20. The control algorithm first computes the target parameters reauired by 
the detection algorithms and then it decides which detector algorithm should be 
called based on the operating mode. In the first step of the control algorithm, 
the point target range, the point target radial velocity with respect to the 
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radar, and the angle off the boreslght are computed as follows. The range Is 
given by the expression 


(5.12) 


L 

r 

o 




(Range) 


where r* is provide.' by the parent simulation, x Is the fixed radar offset 
o 

from the orbiter C.G. and is given by 

/ce 0 -S0 \ /I 0 0 \ /Cy Sy 0\ 

g - [ 0 1 0 )( 0 Ca Sa j I -Sy Cy 0 ] 

\S8 0 Cr/\0 -So Co/\o 0 1 / 

where o,3 ■ most recent positions of the antenna gimbals, 

y ■ yaw angle of R-frame with respect to B-frame, 

C - cos , 

S * sin. 


The radial velocity is computed using the equation 


(5.14) 

• 1 

r 

o 

-L /-vL 

- r . r 
0 o 

(Radial velocity) 

where 


- T. _ r* ® + T_ _ r* 

(velocity) 


o 

LB 0 LB 0 



/NL 

r 

o 

— L, ,-»L, 
■ 'o ' I'o 1 

(direction) 


and r^ is provided by the parent simulation. Lastly, the angle-off boreslght 
is computed using 


(5.15) 0 - co5^ (r„^ /ir^|). 

o OZ ' O I 


The second step of the detection control logic is to decide which detection model 
should be Invoked. The rules for this decision are identical to those for Ru-Band 
Radar sunonarlzed in Section 5.1.3. Once this decision is made control is passed 
to the proper detection model to attempt a target detection. 
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CFAR Detection Alnorlthm, In the CFAR algorithm of Figure 5-22, the 


first step is to compute the SNR at the video filter output, neglecting the beam- 
shape and/or scan loss. In the sequel, this will be referred to as the nominal 
SNR^. It is computed using the expression 

2 2 
P-G \ 

(5.16) Passive Modes) 

(4>r)'’R^kL^BJ 

where 

■ peak transmit power, 

G “ one-way antenna gain, 

■ carrier wavelength, 

a " average radar cross section, 

R “ target range 
k - Boltzmann's constant 

■ transmit losses, 

B “ receiver noise bandwidth, 
n 

T “ system noise temperature. 

The next step is to compute the net gain of the processor frr’rt the 
baseband filter output to the doppler filter output and to combine it with 
the nominal SNR^ to form the nominal SNR^. The net gain is comprised of (1) 
range gate loss, (2) net presum gain, and (3) net doppler filter gain. Each of 
these budget entries is expressed quantitatively below. 

Of the three budget entries only the range gate loss differs for the 
GPC modes and the Auto and Manual Modes. Range gate loss for the GPC modes where 
overlapped range gates are used, includes the effects of misdesignation loss 
and widened range gates and is given by 
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Figure 5-22 CFAR DETECTION MODEL COMPUTER ALGORITHM 
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(5.17) 


where 


if Sj 
if »jix <3/2 
if X >3/2 


Rq " target deaignated rutgc (center of gates), 

c ■ speed of light, 

t^ " transmitted pulse width. 


2/3 , 

RGL - 1 2/3 (3/2-x)‘. 

0 , 


• K 

ct^ 


(Range Gate Loss 
GPC Modes) 


For the Auto and Manual modes, where the range gates are Juxtaposed, this 
loss Is given by 


(5.18) 


RGL 




» 


(1- (X-[x]) )^, 


if X< 1 (Range Gate Loss 

Auto and Manual Ifodes) 

if l<X<9/2 and 



H, 


where 


(x-[x])^ 



if 1< X< 9/2 and 

x-[x]> H 



greatest Integer in • 


The net presum gain computation is identical for all antenna steering 
modes and includes the coherent gain of the presumming process and the loss 
due to doppler mismatch. This value Is computed using the expression 


sln^(Npy) 

(5.19) PSG ■ - (Net presum gain) 

sln^(y) Np 


where 


fj ■ target doppler shift 


A c 
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■ A/D sanple interval, 

N “ nuod>cr of A/D samplea par pulaa width. 

P 

The net doppler filter gain computation ia identical for all antenna 
steering inodes and includes the coherent gain of the doppler filter and the 
loss caused by filter straddling. It Is computed from the expression 

2 

(5.20) DFG - (Doppler Filter Gain) 

16 sin (s) 

where z ■ ^ {ml32 - fjt^), 

a p 

t - PRl, 

P 

m “ filter nearest f^. 

The net processor gain is obtained from 

(5.21) Net Processor Gain - (RGL) (PSG) (DFG) 

in all cases where a CFAR detector Is .required. 

The third step is to decide whether the antenna is scanning or not. If 
the antenna Is scanning we proceed to step four. If the antenna is not scanning 
the beamshape loss Is computed, using equations (5. IS) and (4.2), and combined 
with the nominal SNB^. 

In the fourth step, the value of SNR^ Is used to address the look-up 
table, containing the proper profile for the given conditions, to determine 
the Pq value in the present case. It is noted that if the computed nominal 
SNRq falls between stored data points then linear (in dB) interpolation Is used 
to obtain the P^. This value of the Pjj will implicitly contain an average beam- 
shape and scan loss (if scanning), the losses associated with the magnitude 
detector, and the losses due to the thresholding technique. 
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The fifth and final step is to select a number x from a population which 
is uniformly distributed on the Interval • compare this value of x with the 

Pq from step (4) and make a target detectlon/no detection decision based on the 
algorithm of (S.\l). 

Slngle-H t Detection Algorithm . The single-hit detection algorithm of 
Figure 5-23 is similar in form to the CFAR algorithm. That Is, first the nominal 
SNR^ Is computed using equation (5.16) for the passive modes or the expression 


(5.22) 


SNR 


WVc 


(Ax) 


2«2 




(All Active Modes) 


idiere ■ Peak beacon transmit power, 

Gg ■ one-way gain of the beacon antenna, 

Lg ■ beacon transmit losses. 

for the active modes. In the second step It is deteimined whether the antenna 
is scanning or not. If the antenna is scanning we proceed to step (3), but If 
it is not scanning then the beamshape loss Is computed In the same manner as the 
CFAR case and combined with the nominal SNR^. The fourth step Is to determine 
the Pg associated iflth present value of SNR^^. This determination Is Identical to 
the CFAR case. The last step Is to select a uniform random number x, compare It 
to Pg, and decide hit or miss with the algorithm of (5.11) as In the CFAR case. 
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Flgurt 5-23 SINGLE-HIT DETECTION MODEL COMPUTER ALGORITHM 
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TRACK MODE COMPUTER MODEL DESCRIPTION! 


'3. 

An Illustration showing the basic structure of the track mode computer 
algorithm Is given In Figure 6-1. The structure of this algorithm Is slfflilu In 
form to the search mode computer algorithm of Figure 5-1. It consists of a m ain 
control program and several subprograms dedicated to various tracking functions. 

The main program, called the track mode control algorithm, has two purposes: 

(1) It controls Initialization of all tracking loops and updating of the status 
of all data valid ' .ags when control Is first passed from search to track and 

(2) It controls the computation sequence required to update all tracking loops 
during the tracking phase. The initialization procedure requires two major sub- 
programs. One Is dedicated to initialization of the tracking loo^s when tracking 
first starts and the other subprogram decides when the various data valid flags 
should be raised, indicating the track estimates are accurate. The track loop 
update procedure requires several major subprograms which perform the following 
tasks: (1) target return signal generation and processing, (2) break-track deter- 
mination, (3) angle and angle rate estimate updates, and (A) range and range rate 
estimate updates. In the following subsections, models for each of these functions 
are described, analysis is supplied whenever appropriate, and details of the 
computer algorithm for each function are given. 

6.1 SUMMARY OF KD-BAND E^AR TRACK MODE OPERATION 

6.1.1 General Antenna Steering Mode Operation 

In this subsection, a short description of the Ku-Band Radar tracking 
procedure for each antenna steering mode Is provided. For each steering mode, 
the general procedure Is the same for active or passive targets. The only 
difference between active and passive modes are the transmit waveforms as 
discussed below. 

GPC-ACQ Track Mode. In GPC-ACQ the radar performs target angle. 

Inertial angle rate, range and range rate tracking. Angle and Inertial angle 
rate tracking are accomplished using the amplitude comparison monopulse technique. 
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Range tracking is achieved by maintaining the return pulse centered In two 
Juxtaposed range gates. Velocity tracking Is performed using the algorithm 
described In section 6.7. 

GPC-DES Track Mode. In this mode the radar tracks the target range 
and range rate only. Target angle tracking Is performed by the GPC which supplies 
target angle designates to the gimbal pointing loop during tracking. There Is no 
tracking of the target's Inertial angle rate. Range and range rate tracking are 
Identical to the GPC-ACQ mode. 

Auto Track Mode. This mode is Identical to the GPC-ACQ mode. 

Manual Track Mode. In this mode, the radar performs range and range 
rate tracking using the same method as the other three steering modes. Angle 
tracking Is performed by the crew using the antenna slew switches on the cock- 
pit radar console. There Is no Inertial angle rate tracking In this mode. 

6.1.2 Data Valid Flags 

The data valid flag representing a given quantity will be raised when 
all transients In the loop tracking that quantity have settled out. The time allotted 
from tracker Initialization to raising the data valid flag Is precomputed based 
on maximum allowable errors in the quantities tracked and linearized loop models. 
Precomputed times for the angle, angle rate, range, and range rate data valid 
flags as a function of the loop bandwidth are summarized In Table 6-1 for active 
and passive operation. 

The only data valid flag that Is allowed to drop during tracking, 
without a break-track condition Is the range rate data valid flag. Conditions 
under which this flag Is lowered are (1) when the PRF Is switched from 7 kHz to 
268 Hz in the active track mode or (2) when the predicted target velocity moves 
to a new filter In two out of the last five update periods. Including the present 
update period. In either of these cases it Is raised again If the predicted 
velocity remains In the same doppler filter for 15 consecutive update periods. 

6.1.3 Display Meters 

Display meters are provided on the cockpit radar console for 
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Table 6-1 DATA VALID FLAG TIMEOUTS (AFTER CLOSING TRACKING 
LOOPS) FOR ACTIVE AND PASSIVE MODES 


RANGE 

INTERVAL, nra 

DATA VALID FLAG TIMEOUT, SECONDS 

RANGE & 
RANGE RATE 

ANGLE 

ANGLE RATE 

Passive Modes 




R < 3.8 

6.97 

1.02 

8.2 

3.8<R<7.2 

6.97 

i,02 

26.23 

7.2 <R 

29.76 

2.33 

29.76 

Active Modes 




R < 9.5 

6.15 

1.02 

8.20 

9.5 <R 

28.69 

5.12 

28.69 
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0 


target roll and pitch angles, 
a target range and range rate, 

0 target Inertial roll and pitch rates, 

0 target signal strength. 

The target signal strength meter which Is zeroed during search and acquisition 
immediately becomes operational when the track mode is entered regardless of 
the antenna steering mode. Inertial roll and pitch rate meters operate : . ' 
only in GFC-ACQ and Auto steering modes; In these modes they become 
operational when track Is first Initialized. The target Inertial rate meters are 
zeroed In GPC-DES and Manual steering modes. Range and range rate: display 
meters become operational when the track mode Is first entered. They are 
operational in all antenna steering modes. Roll angle and pitch angle display 

meters operate in all antenna steering modes and become operational when the 

/ 

track mode Is first entered. 

6.1.4 Break-Track Algorithm 

The basic idea of the break-track algorithm is simple. If a no- 
target condition is obtained in five of the last eight update periods, including 
the present update period, then a break-track condition is declared and the 
system is returned to the search mode. The determination of a no-target condi- 
tion is slightly more involved and is discussed in detail in section 6.5 . 

5 , 1^5 Track Waveforms 

Passive Modes . The general track waveform for passive modes is 
illustrated in Figure 6-2. This waveform consists of five consecutive transmit 
frequency intervals with four time slots per frequency interval and 17 pulse 
repetition intervals (PRI) per time slot. For a given transmit frequency the 
receiver dedicates each of the four time slots to the following information. 
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Sloe 1 


(Sum channel output) 


(Azimuth Difference 
Channel Output) 


+ 


Slot 2 " (Sum Channel Output) - (Azimuth Difference 

Channel Output 

Slot 3 « (Sum Channel Output) + (Elevation Difference 

Channel Output) 

Slot 4 • (Sum Channel Output) - (Elevation Difference 

Channel Output) 

The receiver processes 16 pulses for each of these time slots. The waveform 
parameters are a function of range and are summarized In Table 6-2. 

Active tfodes . The general track waveform for all active modes Is 
Illustrated In Figure 6-3. For these modes only one transmit frequency Interval 
Is used. This Interval Is divided Into four time slots with 17 PRI per time 
slot as In the passive modes. The waveform parameters are listed in Table 
6-3. 

6.1.6 Tracking Loops and Signal Processor Operation 

The signal processor configuration is described In Section 6.4, the angle 

and angle rate tracking loops are described In Section 6.6, and the range and 
range rate tracking loops are described In Section 6.7. 

6.2 • TRACK MODE CONTROL ALGORITHM DESCRIPTION 

The track mode algorithm Is entered immediately upon detection of a 
target In the search mode. A detailed block diagram of the track mode control 
algorithm is given in Figure 6-4. As noted In the introduction to this section 
this subroutine has two functions: (1) to control tracking loop initializations and 
(2) to control the computation of tracking loop estimates. These two functions 
are described below. 

6.2.1 Track Hode Initialization Control 

The first task Is to Initialize each of the tracking loops. This means 
Initial values for the target parameters being tracked must be computed to allow 
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Table 6-2 WAVEFORM AND SIGNAL PROCESSING PARAMETERS FOR PASSIVE TRACK MODES 









PRI NO. 1 


RmNO.3 


PRI MX 3 


• • • 


PRI Na 17 


I I • ' I 

i FiguraS^ Wavafonn for AethM Track ModM. 
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Figur® 6-4 TRACK MODE CONTROL COMPUTER ALGORITHM 

(1 of 2) 
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Figure 6-A TRACK MODE CONTROL COMPUTIHI ALGORITHM 

(2 of 2) 



I 

I 

I 




ch« dlfftranc* equation raprasantatlons of the loops to begin tracking the para- 
meter changes. This Initialization is done during the first update period after 

control has been passed from the search algorithm to the track algorithm. The 

choice of parameter initial izatioua and the equations that compute these values 

are discussed in detail in Section 6.3 and Appendix A. 

The other task is to initialize the clock used to time the data valid flags 
and continue to update this clock until the appropriate data valid flags for i given 
antenna steering oMde era all raised. Clock initialization is performed in the first 
update period after control has been passed to the track algorithms. The sub- 
program used by the crack mode control algorithm to perform these casks is shown 
in Figure 6-5 and the data valid flag timeout periods are given in Table 6-1. 

6.2.2 Tracking Loop Update Control 

The ocher responsibility of the Crack mode control algorithm is to control 
Che computatlona leading to updated estimates by the various tracking loops. This 
is a complex procedure involving several steps and is outlined below. The first 
step is to generate a target return signal, based on Che latest target - radar 
configuration and process this signal to produce error signals in Che form of 
discriminants Co be used by the appropriate cracking loop models. A set 

« 

of four subprograms are required to perform this computation. Complete details 
of this package of algorithms will be given in Section 6.4. 

The second step in the update procedure Is to check for a break-track 
condition. This is done using the algorithm described in section 6.5. If a break- 
crack condition is obtained, then the system is reset to the search mode using 
the algorithm shown in Figure 6-6. If a break-track condition is not obtained 
Chen Che computation <«cquence proceeds to the third step which is to update the 
antenna position and the target Inertial angle rates( if appropriate. If Che antenna 
steering mode is GPC-ACQ or Auto, Chen Che target roll and pitch angles, i.c. 
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Figure 6-5 DATA VALID FLAG CONTROL ALGORITHM 




Figure 6-6 SYSTEM INITIALIZATION ALGORITHM 


ENTER 




the antenna position, and the inertial roll and pitch rate estimates 

are updated using the model described in section 6, 6, If the system Is in 

the GPC-DES mode, the antenna glmbal pointing loop (section 5.2) is updated using 

the latest roll and pitch designates from the GFC. If the system is in the Manual 

mode, the antenna glmbal pointing loop is updated using the latest positions of 

the antenna slew switches on the cockpit radar console and equations (5.2). 

Target inertial roll and pitch rates are not tracked in the GPC-DES and Manual 

modes. 

In the fourth step, the target range and velocity estimates are updated 
using the model described in section 6.7. This step is performed in all antenna 
steering modes. The fifth and final step is to compute an estimate of the target 

I 

signal strength using the algorithm described in section 6.4. 

6.3 TRACKING LOOP INITIALIZATION ALGORITHM DESCRIPTION 

This subsection gives a detailed description of the algorithm, illus- 
trated in Figure 6-7 , used to compute the intlal state of each tracking loop for 
a given antenna steering mode. The basic philosophy is to set the initial states 
of the angle, angle rate, range and range rate tracking loops equal to the respec- 
tive values of the target c.g. parameters in the update period in which initiali- 
zation takes place. The general procedure is to Ihltlallze each of the following 
items : 

o Break-track algorithm, 

o Angle and angle rate tracking model (if required), 
o Range tracking model , 
o Parameters for signal processor , 
o Velocity processor model , 
o Signal strength algorithm, 

in the order shown. Initialization of each item is described in detail below. 
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Figure 6-7 


TRACKING LOOPS INITIALIZATION ALGORITHM 





6 . 3.1 


Break-Track Algorithm Initialization 


This Inltiallzaclon requires setting the break-track flag low and 
zeroing the registers used to track the number of no-target conditions 
obtained in the previous 7 update periods. 

6.3.2 Angle and Angle Rate Tracking Model Initialization 

This model is used only in the GPC-ACQ and Auto antenna steering 
modes. The initial a and g gimbals positions, the initial a and g gimbal rates, 
and the initial target inertial LOS azimuth and elevation rate must be computed 
in order to start the tracking loops. These values are initialized using the 
following procedure. First, the positions of the a and g gimbals are determined 
so that the antenna boreslght points directly at the target c.g. using the 
equations 


( 6 . 1 ) 


g - -tan^ ( r /s) 
ox 


^ -1 , R , R. 
-tan ( r / r ) 
oy oz 


where 


r^ - T (r^-xh 
o RB ^ o ^ 


X 


Radar offset from orbiter body C.G. expressed 
in body coordinates. 


( . + ( r. )^. 

oy oz 


In the next step, the target inertial LOS azimuth and elevation rate 
tracking loops are initialized using the expressions 


w ^ - V ^ / Ir ^1+ w ^ 


( 6 . 2 ) 


Tx 

L 

Ty 


w, 


- V / I r. 


ox 


+ w 

By 
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where 


■ target velocity measvred in the B-frame 
and expressed in L-frame coordinates, 

-►L 

« target Inertial angular velocity expressed in L-frame 
coordinates, 

Wg > body inertial angular velocity expressed in L-frama 
coordinates. 

These relations are derived in Appendix A. 

In the final step, the initial rates of the a and B gimbals are computed 

using the expressions 

“ ■ ^oy ^ ^ ^^0^1 


(6.3) 



i^lch are also derived in Appendix A. 

6.3.3 Range Tracking Model Initialization 

The range tracker is an a - 8 tracker (see section 6.7 for details) that 
generates an estimate of the target range and range rate at each update period. 

It is initialized by setting the first range and range rate estimates equal to 
the target c.g. range and velocity, respectively. For the range this is accom- 
plished by digitizing the CG range so that the least significant bit (LSB) 
represents 5/16 feet and loading it into the digital Integrator that produces 
the range estimate at its output (see figure 6-32) . For the range rate it is 
accomplished by digitizing the CG velocity so that the LSB represents 5/(16ts) 

feet per second, where t is the update interval, and loading it into the digital 

s 

Integrator that produces the smoothed range rate estimate at its output (as shown 
in Figure 6-32). 

6.3.4 Signal Processor Parameter Initialization 

Several signal processor and tracking loop constants change with a 
different target range interval, processor A/D sample rate, and PRF. Therefore, 
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the Internal controls MRNG, MSAM, and MPRF were defined to apprise the system 
of changes In the target range Interval, the A/D sample rate, and the PRF, 
respectively. These controls are defined In Table 6-4 and they are Intlallzed 
as follows. MRNG Is determined using the CG range and MSAM and MPRF are determined 
using MRNG and the system mode switch (DIODE) position. 

6.3.5 Velocity Processor Model Initialization 

The velocity processor tracks the target velocity by using five adjacent 
doppler filters, always maintaining the target In the center filter. The predicted 
velocity estimate In the present update period Is averaged with the velocity 
estimate from the three previous update periods to obtain the final velocity 
estimate, l.e. the velocity Is smoothed using the moving window average technique. 
Thus, Initialization of the velocity processor Involves (1) setting each entry 
of the array used for averaging equal to the C.G. velocity and determining the 
location of the center filter (of the five filter bank) using the equation 

(6.4) - mod /A + 0.5 ,32 

where mod ( . , 32) ■■ modulo 32, 

greatest Integer in . , 

A - X PRF/64. 

■ c 

**•0 ■ number of the center doppler filter. 

See section C.7 for conplote details of the velocity processor nodel. 

6.3.6 Signal Strength Algorithm Initialization 

The model which Is used to compute the radar signal strength In the 
present version of the computer slmul- :ion Is quite simple and does not require 
Initialization . 




















































This subsection gives a detailed description of the model used to 
generate the target return signal and process this signal to obtain all of 
the discriminants. The objective of this model Is to generate the most 
accurate discriminant estimates possible given the present target scattering 
model selection and the constraint of real-time computer operation. The 
method selected to achieve this goal is heavily dependent upon the fact that 
the target is modeled as a collection of point scatterers and can be roughly 
outlined as follows. Instead of forming the target return signal at the 
antenna output and processing the resultant signal on a sample-by-sample basis 
using the exact Ku-band radar processing configuration shown in Figure 6-8, 
the processor model uses assumed linearity of the processor from the antenna to 
the doppler filter output and the assumptions listed in section 6.4.1 to 
compute the resultant signal at the doppler filter output in closed-form. 

Then, except for replacing the magnitude detector by a magnitude— squared 
detector, the remainder of the signal processing model is identical to the 
corresponding Ku-band radar processor functions. This computation model is 
illustrated in Figure 6-9. By using this model, sample-b> -sample processing 
can be abandoned, thereby reducing the computation time per update cycle 
significantly without sacrificing signal processing model accuracy. 

In the remainder of this subsection, we will present: (1) the model assump 
tions, (2) the technique for updating the position and motion of the point 
targets, (3) complete details of all discriminant generations. Including the 
thermal noise model, (4) the radar signal strength computation algorithm, and 
(5) the computer model details. 



Figure 6-8 SIMPLIFIED DIAGRAM OF KU BAND RADAR TRACK MODE SIOfAL PROCESSING 















6.4.1 Model Assumptions 


The signal generation and processing nodel la based upon ths 
asaumpplons listed below. Target assumptions are that 

(1) the target Is composed of a collection of point scattarers 
with the properties described In section A, 

(2) radial acceleration of the point targets during a data cycle 
Is Ignored. 

Radar assumptions are that 

(3) the waveform described In Figures 6-2 and 6-3 are transmitted 
without any distortion, 

(4) the antenna does not move with respect to the target during the 
data cycle, 

(5) the receiver's RF and IF electronics work perfectly, (l.e. the 
down conversion Is error-free and the filters do not distort 
the return signal, but the receiver maintains the same noise 
figure and noise bandwidth) . 

(6) the baseband (video) filter has a perfect rectangular Impulse 
response of width equal to the A/D saisple Interval, 

(7) the A/D Is treated as an Ideal zero-order sample and hold, 

(8) quantization noise contributed by the signal processing chain 
from the A/D to the log converter (see Figure 6-8) la neglected, 

(9) the magnitude detector was replaced by a magnitude-squared 
detector, 

(10) Automatic Gain Control (AGC) Is not implemented. 
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Motivation for aaauaption (1) waa diacuaaad in aactlon 4. Aaaump- 
tiona (2) and (4) are forced on ua by the real-ttoe proceaaing conatraint 
which rulea out aample-by>aanple or even pulae-by-pulae proceaaing of the 
target return aignal. Aaaumption (3) will have little effect on proceaaor 
accuracy. On the other hand, aaauoption (5) can have a aignlflcant impact 
upon the fidelity of the angle tracking eatlmatea becauae the difference 
channel coupling loaaea are ignored. The baaeband filter aasunptlon will 
have little effect upon proceaaing accuracy. Impact of acauaiptions (7) 
and (8) is not known at the preaent; if time permlta, an equivalent quantiza- 
tion noiae will be added to the diacrlminant computation model. The magniti^e- 
aquared detector aaaumption will have only a alight ^act upon the model 
accuracy. The ayatem AGO will be implemented if time permlta. 


6.4.2 Target Poaition and Motion Computation Model 

Generation of the dlacrlminants in a given data cycle requires a 

knowledge of each point target 'a position and radial velocity with respect 

to the LOS frame. To obtain these quantities, we utilize the following 

B B 

information. Firstly, the parent simulation provides (1) to >nd Vg , 
the present position and velocity of the target C.G. with respect to the 


orbiter body frame, and (2) T. 


BoT 


and Tg^i 


, which describe the 


rotation of the T-frame with respect to the B -frame as discussed in sections 
2 and 3. Secondly, the radar simulation tracks the angular position and rates 
of the antenna relative to the orbiter body frame. From these two facts, the 
position of the kth point target, located at an arbitrary but known position 
in the T-frame, can be computed in the L-frame using the expression. 


-►L 


T (r 
LB^ o 


+ T, 


BoT 


^T 
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or, regrouping Che terms, 


(6.J) - iE‘) + T 

O 

where X ■ vector describing Che offset of Che radar from the orblCer C.G., 
B 

T (r - X ) ■ position of target C.G. in the LOS frame. 

Lo 0 


The velocity of the arbitrary point target as measured in the LOS frame, 

can be obtained by time differentiatii^ equation (6.5) and noti^ that 
B 

and r^^ are constant vectors. This gives 


( 6 . 6 ) 




4. 

* V % 


where the expression in the square brackets is Che velocity of the target C.G. 
as measured in the L-frame and expressed in L-frame coordinates. Finally, 
the target radial velocity as measured in Che L-frams is obtained by computing 
Che component of velocity in the direction of the radar, quantitatively, f.lls 

can be expressed as 

(6.7) v^ (radial) ■ * ^k 

where r^ ■ unit vector in Che direction of the tar^'^. 

6.4.3 Angle Discriminant Computation Model 

The angle discriminant is essentially formed by comparing the sum 
channel plus the difference channel signal to Che sum channel minus the difference 
channel signal where both signals are appropriately integrated over Che five 
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transmit frequcnclas and two ranga bins. In tha aaqual, thaaa two quMtltiaa 
will ba rafarrad to aa tha conponanta of tha angla discriminant. With 
this in mind, wa procaad to a dascription of tha angla discriminant computa- 
tion modal whicli is divldad into thraa parts: 

(1) computation of tha noiaa-fraa discriminant componanta, 

(2) computation of tha aquivalant tharmal noisa, 

(3) computation of tha angla discrtoinant. 

Molsa-Fraa Discriminant Componant Computation . Flgura 6-10 givas 
a block diagram of tha modal uaad to computa tha noisa-fraa discriminant 
componants; this modal la darlvad in Appandlx C. Figura 6-lOa shows tha 
computation of tha targat rasponaa at tha magnltuda-squarad datactor output 
for a glvan transmit fraquancy and ranga bin. Flgura 6-lOb llluatratas tha 
post-datactlon intagration (PDI) of tha datactor output ovar fraqucncy and 
ranga Mn to form tha nolsa-fraa discriminant componant. A datallad dascrip- 
tion of thasa staps Is glvan balow. 

Tha total rasponsa of tha targat ratum at tha dopplar filtar output 
is computad using tha assumptions llstad In sactlcn 6.4.1 and tha assumption 
that tha racalvar/slgnal procassor configuration Is llnaar from tha sntanna 
to tha dopplar filter output. First, tha rasponsa of each point targat at 
tha dopplar filter output ia computad in closed-form. Than, using tha 
linearity assumption and the superposition principle, tha resultant response 
for tha coaq)lata target is computad by vactorially suoming the individual 
responses. 

Computation of tha dopplar filtar rasponsa for a single point targat 
requires a more datallad explanation. This computation is performed as 
follows. Usli« assumptions (1) through (5) and aquation (4.1), tha return 
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from the kth point target over a single time slot referenced at the input 
to the baseband filter is given by the expression. 


(6.8) S^(t) . 

*^Sk ^Dkj " target sum and difference pattern weightings, 

0, . ■ 2irf .t, 

ki ci k 

and the other terms are defined after equation (4.1). 

After filtering, sampling, range gating and prestanmlng the signal in 
equation (6.8), we obtain 


(6.9) + “P (J&™ Vp- *kll’ 


where n-0, 1, 2, , 15. The factor In the above expression 

represents the range gate and presum weighting. It Is noted that this 
factor Ignores the mismatch In the presummer due to the target doppler 
shift. This assumption will have no Impact In the short pulse n»des 
and slight effect In the long pulse modes. Quantitatively, the 
expression for the range gate/presum weighting Is 


(6.10) • F(t^) 
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where 


F(t.)-N 
k p 


and A 



4 2 ‘ 


1 

2 

3 A 
4"2 ’ 


If 

if 

if 

if 


j ^5- “ 


3 

2 



A< 


1 

2 


1 

2 


<.A <. 


1 

2 


3 


> 


There is a very important assumption made at this ;itep. The total energy 
of the pulse within the range gates is assumed to be exactly split between 
the early and late gate contribution. However, the phase associated with 
the point target's true position in the range gate is maintained. This is 
illustrated in quantitative terms in Appendix C. The assumption was made 
to enhance the computation speed but it may have a significant Impact in 
those cases where the range tracker does not follow the target with fidelity. 
If that is the case, the assumption may have to be abandoned. 

The final step in this sequence is to compute the response of the 
doppler filter to the signal given in equation (6.9). (As an aside, it is 
noted that the target velocity is tracked using 5 adjacent doppler filters 
where the velocity always seeks to maintain the target in the center (C) 
filter of the 5. Only information from filter C is used in the formation 
of the angle discriminant). Since the signal in (6.9) represents a pure 
doppler tone by assumption (2) of section 6.4.1, we can easily write the 
response of the kth target for a single frequency and range gate. It is 
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given by the expression 


(f) 11 ^ ^ sin (16Z. ) - 

\ " k W ^ "Dkj> sin(^^ +\i>] 

where Z, - if(m /32 - f, t ) 
k c k p 

m ■ number of center filter, 
c 

As noted earlier, the complete target return signal at the doppler 
filter output is obtained by assuming the processing channel from the antenna 
to the doppler filter output is linear and applyli^ the linear super- 
position principle. For the 1th transmit frequency and ith range gate, 
this gives 

Nt 

(6.12) S(i,Jl) - Z S. (i,i) 

k-1 

where is the total number of point targets. Magnitude-squared detecting 
S(l,i) and PDIing over the appropriate number of transmit frequencies and 
range gates, we obtain the noise-free angle discriminant component 

2 NF 7 Nf , 2 

(6.13) A -.S,. E, I S(i,i) r - 2 E | S(i) | 

*-l 1-1 i-1 

where Np is the number of transmit frequencies and the summation over the 
range gate is replaced by the factor 2 using the assumption stated earlier. 

Equivalent Thermal Noise . If we assume that the target signal 
plus white gausslan noise is introduced at the front end of the receiver, 
the noise appearing at the PDI output can be shown (see appendix D) to be 
additive and approximately gausslan with mean and variance, given by 
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(6.14) 


2 

mean ■ 

(6.15) variance " ^ [2 SNR^ + ij 

where ■ PDI ratio for the angle discriminant, 

SNR^ ■ Slgnal-to-Noise Ratio referenced to the doppler filter output, 

2 

Og « variance of noise at doppler filter output. 

Angle Discriminant Computation. The angle discriminant is then 
computed by the expression 

A + n 

(6.16) D. - 10 log 

A ^6 + ’’d 

where A^ represents the sum plus difference noise-free discriminant component, 

A represents the sum minus difference noise-free discriminant component, 

'6 

and and are samples from statistically Independent random sequences 
where each member has the statistics described above. It is noted that A^ and 
Ag are computed using equation (6.13) with the appropriate antenna weighting 
factor. 

6.4.4 Range Discriminant Computation Model 

The range discriminant is formed by comparing the energy from the 
late range gate to the energy from the early range gate. Description of 
this computation model will follow the same format as the angle discriminant 
computation model description. 
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Noise-Free Discriminant Component Computation. A model for the 


computation of the noise-free range discriminant component is derived in 
Appendix C and is shown in Figure 6-11. The basic configuration of the 
model is identical to the corresponding angle discriminant model. However, 
there are some differences in the weighting factors between the two and 
for this reason we outline the processing of the range discriminant 
component below. 

We start with a description of the computation of the single point 
target response at the doppler filter output. As in the angle discriminant 
case, the signal at the input to the baseband filter is given by equation 
(6.8) with set equal to zero even if the boresight is not pointing 
directly at the target. Proceeding to the filtering, sampling, range gating, 
and presumming process, we obtain the same expression as equation (6.9), but 
now separate range gate/presum weighting factors, R^, must be computed for 
the early and late range gates. For the early gate the weighting factor 
is given by 


(6.17) - Fg(t^) (Early) 


where 






1-A 
2 ’ 


if Ls, -3 or A>. 1 
if -3£.A<.-1 

if -llA^l 


and for the late gate this factor is given by 


(6.18) (^te) 
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Figure 6-11 NOISE-FREE RANGE DISCRIMINANT COMPONENT COMPUTATION MODEL 
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(b) Fonutlon of Nolae-Free Dlacrialnant Coaponant 



where 


‘'l'V "p 


1+4 • 
2 

if 

-l£ A <.1 

3-A 

2 

if 

liA< 3 

0 , 

if 

A ^ 3 or A £ -1 


The range discriminant components only use Information from the 
center doppler filter and therefore they have the same doppler filter 
weighting as the angle discriminant components. Thus, the kth target 
response for the early range gate at the doppler filter output Is given by 


(6.19) 




sln(16Zj^} 

sin Z, 

k 


exp 




and the complete target response for the ith transmit frequency, the Jth 
time slot, and the early range gate at the doppler filter output Is given 
by the expression, 

N<p 

(6.20) Sg^(l,j) . 


Expressions for the late gate single target doppler filter response and the total 
target doppler filter response are Identical to equations (6.19) and (6.20), 
respectively, with E replaced by L. 

The noise-free range discriminant component Is obtained by magnitude- 
squared detecting the doppler filter response (6.20) and FDIlng over transmit 
frequencies and time slots. This can be expressed as 


(6.21) Rg' 


4 

Z Z 
1-1 j-1 


Sg(i,J) 


Np 

4 Z 
1-1 


Sk(1) 
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where the last equality Is obtained by assuming that all time slot components 
for a given frequency are equal. 

Equivalent Thermal Noise. The thermal noise added to the noise- 
free range discriminant component has properties which are identical to 
the angle discriminant noise, except that the PDI ratio becomes N^, repre- 
senting the range PDI ratio, instead of N^. 

Range Discriminant Canputation. The range discriminant is computed 
using the expression 

( 6 . 22 ) 


and are samples 

from statistically Independent random sequences where each member has the 
statistics described above. 

6.4.5 Velocity Discriminant Computation Model 

Definition of the velocity and the on-target discriminants rely 
heavily upon the configuration of the doppler filters used to track the 
target velocity. The configuration is comprised of five adjacent filters 
as shown in Figure 6-12 where the tracker seeks to maintain target velocity 
in the center filter. In the sequel these filters will be labeled (from 
lowest frequency to highest frequency) Low Outrigger (LO), Low (L), Center (C), 
High (H), and High Outrigger (HO), respectively. The velocity discriminant 
is then formed by comparing all of the energy from the low (L) filter to 
all the energy from the high (H) filter. The form of this model is 
identical to the range and angle discriminant model and its description 
will follow the same format. 


where and R^ are computed from equation (6.21) and 
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NOMMAU2IO PRIOUINCY 

Fi»ji» 6-12 Trick Modi Oopplir FlltM- ConfigurMion (Only Miinlobc R«pon« Sho««n). 



Noise-Free Discriminant Component Computation. Figure 6-13 gives 


a block diagram of the computation model and Appendix C gives a derivation 
of this uiodel. Since the processing has the same form as the range and 
angle discriminant models, we will only provide the various weighting 
factors used in this case and point out any differences. 

The antenna weighting factor is given by where is computed 
from equations (4.7) and (4.8). As in the range discriminant case, the 
difference pattern weighting is set to zero even though the antenna may 
not be pointing directly at the target. The range gate weighting is 
computed as described in equation (6.10). The range gate weighting assumption 
used in the angle discriminant computation, applies in this case, as well. 

The doppler filter weighting factor is the same as the range and angle case 
with m^ (or m^, depending on the component) replacing m^. 

If we let the total response for the ith frequency, the Jth time 
slot, and the ith range gate at the L-doppler filter output be given by 
V^(i,J,i), then the noise-free velocity discriminant component is obtained 
by magnitude-squared detecting and PDIlng over frequencies, time slots, and 
range gates. This is expressed as 

% 4 2 ,2 ,2 

where the last equality is obtained by assuming that all time slot and 
range gate components are equal for a given transmit frequency. 

Equivalent Thermal Noise. The velocity discriminant noise has the 
same form as the angle and range discriminant case with Ny, the velocity 
PDI ratio, replacing in equations (6.14) and (6.15). 


161 


COMPUTATION MODEL 
















Velocity Dlacrlninant Computation . The velocity discrlninent is 


computed from the expression 



where and are computed using equation (6.23) and and are samples 
from statistically independent random sequences where each member has the 
statistics described above. 


6.4.6 On-Target Discriminant Computation Model 

The On-Target discriminant is formed by comparing the total 
energy from the center (C) doppler filter to the combined total energy from 
the LO and HO doppler filters over a data cycle. Computation of the noise- 
free discriminant components is identical to the velocity discriminant case 
with m^, or replacing m^ and m^ in the doppler filter weighting 
factor. The On-Target discriminant noise characteristics arc identical 
to those given for the velocity discriminant case above. Therefore, the 
expression for the On-Target discriminant is 


(6.25) 


- 10 log 




F-- + F„ + n,/. 
LO HO LO 


where F^, F^^, and F^^ are computed from equations (6.23) and and 
are samples from statistically Independent random sequences where each 
member has the statistics described above. 

6.4.7 Radar Signal Strength Computation Model 

In the Ku-Band radar, the radar signal strength SMter is designed 
to work in the tracking mode only. During the track mode the radar signal 
strength meter is determined from the following algorithm 


( 6 . 26 ) 


RSS - 


AGC-ACC I . if AGC > AGC 


if ACC < AGC 


initial 


initial 

m 

whara ACC | i* aattlng of tha aySbam AGC whan tha track noda ia 

first antarad. Tha AGC ia dasignad to maintain tha avaraga signal plus 
nolsa voltaga at 1.4 quantization lavals at tha vldao flltar output. 

Slnca tha systam AGC la not modalad In tha prasant varslon of tha 
track moda simulation, tha algorithm of (6.26) Is raplacad by tha following 
cogq>utatlon: 

(6.27) RSS - SNR^ 


whara SNR^ Is tha signal-to-noisa ratio at tha vldao flltar output and Is 
craputad from aquation (5.16) for paaslva modas and aquation (5.22) for activa 
modas. This approximation will ba highly accurata for SNR^»1, but will 
braak down for SNR^ $ 1. If tlma parmlts, tha Ku-Band Radar AGC algorithm 
and signal strangth algorithm will ba slmulatad mora accurataly. 


6.4.8 Computar Modal Datalla 

Tha computar modal shown In Flgura 6-14 consists of flva subroutines. 
A separate subroutine Is dedicated td each of the following fimctlons: 

(1) updating of all transformation matrices, 

(2) updating of tha LOS position, velocity and RCS value for each 

scattarar and updating of the LOS position and velocity for tha 
target C.G. 

(3) computation of all noise-free alscrlmlnant components, 

(4) computation of all discriminants (Including thermal nolcu), 

(5) computation of target signal strength. 


Each of these subroutines Is described In detail below. 
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Figure 6-14 SIGNAL GENERATION AND PROCESSING MODEL COMPUTER ALGORITHM 
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update of Transformation Matrices (TRNSFM) . This subroutine updates 


'lb’ ^LoT’ "lb* 


and T. 


LoT 


The transformation matrix T^^ is computed with 


the expression 
(6.28) 


LB 


/ 

CB 

0 



0 -SB 

1 0 

0 CB 



where a, B ■ latest measurement of antenna glmbal position, 

y * yaw angle of R-frame with respect to 
B-frame (nominally 67°) 

C ■ cos 

S ■ sin . 


The t ansformatlon T^^ is obtained from 


(6.29) 



L.B 
o o 



where T. _ ■ T._ is computed in equation (6.28) and T_ „ is pro ided by 

Lo"o 

the parent simulation. 

The matrix T^ is computed by time differentiating T^ as given in 
equation (6.28) and noting that a, B vary with time butyls fixed. Finally, 
the matrix T _ is computed from the expression 


(6.30) 


LoT 


T T 

LoBo BoT 


+ T T 

'LoBo'BoT 


• . 

where T. _ and T. _ are defined above and T_ _ and T are provided by 
LqBo hoBo **o^ B T 

o 

the parent simulation. 
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Target Position and Velocity Update (PVTRAN) . This subroutine computes 
(1) the position, range and direction vector in LOS coordinates for each 
scatterer and the target C.G. , (2) the velocity and radial velocity component 
as measured in the LOS frame for each scatterer and the target c.g., and 
(3) the RCS value for each scatterer. The subroutine is organized as follows. 
Since each scatterer 's LOS position and velocity computation requires the 
C.G. position and velocity in the LOS frame, the c.g. parameters are computed 
first then the parameters for each point target are computed. 

The target C.G. position, range, and direction vector in LOS coordi- 
nates are computed from 


(6.31) 






(position) 

(range) 

(direction) 


where r^ is provided by the parent simulation, X is the fixed radar 

offset from the orbiter C.G., and T__ is computed above. The C.G. velocity 

Li5 

and radial velocity component as measured in the LOS frame and expressed 
in LOS coordinates are given by 


(6.32) 


_ -► B , i *► B 
T r + T r 
LB o LB o 




(velocity) 

(radial component) 


where r ^ and r ® are provided by the parent simulation and T and T 

o o LB LB 

are computed above. 

The next step is to update the scatterer pooltlono in the target frame 
and the scatterer RCS values using the subprogram described in Section 4.5 
(see Figure 4-9). Then, each of the scatterer 's position and velocity parameters 


169 


are computed. LOS position, range, and direction for the kth scatterer are 
given by 

(velocity) 

o 

(6.33) • Ir^^l (range) 

- V / iV' (direction) 

where r. ^ is fixed and r ^ and T_ _ are computed above. LOS frame velocity 
k o LqI 

of the kth scatterer is computed from the expression 


(6.34) 


4-L 4-L^i -*-T 

'k ■'■o 


• L ^ L ^ L 
’^k “ ’^k * ’^k 


where r and t_ „ are computed above. 

O Lq'*’ 


(velocity) 

(radial component) 


Signal Generation and Processing (SIGNAL) . The main purpose of 
this subroutine is to compute all of the noise-free discriminant components. 

It performs the calculations which are described in sections 6.4.3 through 
6.4.6 and derived in Appendix C. This task is performed as follows. 

First, for the kth target and ith transmit frequency, all of the 
weighting factors required to form the various responses at the doppler 
filter outout arc computed. These Include the sum pattern weighting, 
difference pattern weighting, range gate/presum weighting, doppler filter 
weighting and initial phase computation. Antenna sum and difference 
pattern weightings are computed using equations (4.2) through (4.7) and the 
antenna models described in section 4. The range gate/presum weighting factor 
is given by equation (6.10) for non-range discriminant components and by 
equation (6.17) for range discriminant components. The doppler filter 
weighting is computed from the expression 
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sin(l6Z, ) j— -1 


where 


’<f - Vp>- 


m 


®L0’ ®L’ “c» “h* “ho* 


The doppler weights need only be computed for the first transmit 
frequency, since the FRF Is adjusted at each new frequency to maintain 
a constant filter position for a nonaccelerating target. Finally, the 
phase of the kth target return referenced to the leading edge of the C.6. return 
Is computed from , 

(6.36) ^ci ^ o 

where is the wavelength of the ith transmit frequency. It is 
remarked that one can just as well compute the phase using the expression 

t) - -^(r ^ - r ) 

"^ki X /’^k 
cl 

where r is the range to the center of the range gates. 

G 

The next step Is to form the following responses for the kth target 
and 1th frequency at the doppler filter output: 

Sum Component ■/\^Sk\’^k^“c^®^^^\i^ 

* Azimuth Difference Component 

(6.37) ^3k* Elevation Difference Component ■^^pgj^j^R^Fj^(m^) exp (j0^) 
R^j^- Early Component 

Rzk" Component ■y\Psit\k^k^“c^®*P^^^kl^ 

^1,2, 3, 4k" Components y\Psk\^k^* 

’ * “l* “h’ “lO’ “ho* Once formed these components are 
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vectorlally summed over the number of targets to form the complete target 
response for the component at the doppler filter output for the 1th 
frequency. 

Then, these components are combined appropriately to form the noise- 
free discriminant components at the doppler filter output for the 1 th 
frequency. After this step, the newly formed components are magnitude- 
squared detected and summed over transmit frequencies. Result of all 
of this processing gives the following noise-free discriminant components 
at the PDI output: 


(6.38) 


% 

. % 


AZ - ,1, 
0 1“1 

^l(A^k + Sk^ 

% 

1 % 

I 

AZ* ■ 

0 1"1 

1 

(for EL , 
o’ 

EL^ replace the 

Nr 

N.J. 

2 

\ ^ 

k-1 


Nj. 

Nx 

2 

Rr ■ I 1 
^ 1-1 1 

k-1 


Np 

Nt 

2 

\ " ' ^ 

Z ^Ik 


1-1 

k-1 


Np 

Nj 

2 

V„ - E 

z 


H i.i 

k-1 2k 



( for VjjQ replace subscripts 1,2 by 3,4) 


where each of the components above Is within a constant scale factor of 
the actual noise-free discriminant component seen at the PDI output. 

One final step Is performed In this subroutine and that Is to 
compute a quantity called the average effective cross-section. This 


172 


quantity Is a measure of the average target cross-section weighted by 
the normalized antenna sum pattern value. This value Is averaged over 
five frequencies and Is given by the expression 


(6.39) Effective Cross 
Section 


_1_ 

NF 


Np> 

ih 


kSlVsk®' 




ki 


Discriminant Component Computation (DlSCJttl) . This subroutine adds 
equivalent thermal noise to each of the discriminant components and computes 
the discriminants with the resulting component values. We first compute 
the scale factor alluded to earlier. This factor contains many of the range 
equation terms. For the passive mode it is given by 


(6.40) 




1 


CPasslve Mode) 


where Np is the number of samples per pulse and the other terms are defined 

In Section 5. For. the active mode this factor becomes 

I 


(6.41) 




(Active Mode) 


where 



!bS 


» 


P ■ peak transmit power of beacon, 
B 

Up ■ one-way beacon antenna gain, 

L- - beacon transmit losses. 

O 
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The next step is to tackle the angle discriminant computation. This 
Includes computing the statistics of the noise for this discriminant. 

Mean and variance of the noise are computed as follows: 


“••"az ■ 

(same for a and 5 components) 

var 

r 2 N. S.AZ + N,1 

AZa ■ 

[_ A 1 0 Aj 

^*'aZ6 “ 

[2 \ S^AZj 4 


where is computed in equation (6. AO or 6. 41), AZ and AZ are computed 
in equations (6.38) and is the angle PDI ratio. It is important to 
note that the variance of the I,Q noise components at the doppler filter 
output are assumed to be equal to unity for convenience in the computation. 
In the next step, the equivalent noise is added to the angle discriminant 
components and we obtain 

■>A2a-l"A 

(6.43) 

where N(0,1) is defined as a random selection from a gausslan population 
with zero mean and unit variance. The last step is to compute the angle 
discriminant 

(6.44) - 10 log 

where the logorlthm computation is assumed to be base 10. 
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The range, velocity and on-target discriminants are computed in an 
identical manner, making the appropriate changes in scale factors and 
components. 

Radar Signal Strength Computation (RSS) . As discussed in Section 
6.4.7, the radar signal strength Is computed very simply in the present 
version of the tracking simulation. The radar signal strength Is set equal 
to the SNR at the video filter output where it is asstaned that the trans- 
mitter Is at full power. This computation is done using equation (5.16) 
for the passive mode where in this case is always I'he maximum peak 
transmitter power and o (the RCS) is computed using equation (6.39). For 
the active mode equation (5.22) Is used to obtain the SNR^. 

6.5 BREAK-TRACK ALGORITHM DESCRIPTION 

The break-track algorithm used in the track mode simulation Is 
functionally identical to the logic used in the Ku-Band radar signal processor 
Figure 6-15 gives a simplified block diagram of the break-track algorithm. 

Key components are the two discriminants and the no-target condition deter- 
mination. In this subsection, we will describe the no-target condition and 
its determination, describe the break-track condition, and describe the 
ifflplementatlcn of this slgcrlthm on the computer. 

6.5.1 Noise-Free Discriminant Response Functions 

Both discriminants take advantage of the shape of the doppler filter's 
malnlcbe and its relative position with respect to the other filter aain- 
Ipbes in order to determine target location in the filter bank and absence 
or presence of the target. This is most clearly seen from plots of the 
noise-free velocity and on- target discriminants as a function of target 
doppler velocity given in Figures 6-16 and 6-17, respectively. 
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6.5.2 


Determination of a No-Target Condition 


The basic Idea >ehlnd the no-target determination Is as follows. 

If a noise-only condition exists then the velocity discriminant value will 
be In the neighborhood of 0 dB and the on-target discriminant value will 
be in the vicinity of -3 dB. However, If a target with sufficient strength 
exists within the five filters, at least one of the discriminant values will 
not be near Its noise only bias value as shown In Figures S-I6 and 6-17. 

Thus, the method for determination of a no-target condition is to establish 
thresholds about the bias values in each case (shown as dashed lines In 
Figures 6-16 and 6-17) and compare the discriminant values to their respective 
thresholds. A no-target condition Is declared If both discriminants lie 
between their thresholds, l.e. In the region of their no-target bias values. 

Qunatltatlvely , the no-target condition can be described as follows. 
First, the following qxiantlties (called discretes) are defined: 


FTH ■ 

1, 

if 

l“v 


1 0* 

If 

p_ 

> T 



' V 

' V 

OT - 

1, 
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®0T ^ ^H 


0, 

if 

®0T 

>' T 

H 

AOT - 

1, 

if 

h 


_0, 

if 

”ot1 ^ 


Then, target /no- target decision is based upon the product of the discretes 
as follows: 


(6.46) 


(FTH) (OT) (AOT) 


I 

JO 


, no target 
, target 


This decision logic Is Illustrated In Figure 6-18. 
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6.5.3 


Break-Track Determination 


A break-track condition is declared if a no-target condition is 
obtained in the present update period and four of the last seven update 
pe'‘lods. 

'• 5.4 Computer Algorithm Details 

Figure 6-19 Illustrates the computer algorithm used for the break- 
track determination. It Implements the equations described above anv1 requires 
no further description. 

6.6 ANGLE AMD ANGLE RATE TRACKING LOOP MODEL DESCRIPTION 

In the GPC-ACQ and Auto modes, the radar provides estimates of the 
target inertial roll and pitch rates and tracks the target roll and pitch 
angles in the Orbiter Body coordinate system. A simplified block diagram of 
its mechanization in the Ku-Band radar is Illustrated in Figure 6-20. In this 
subsection, we shall describe (1) the mathematical model used to represent 
this tracking system, (2) the major assumptions and approximations underlying 
this model, (3) the system and target error effects Incorporated into the 
model, and (4) the computer implementation of the model. 

6.6.1 The Model 

As noted in Figure 6-20, the tracking system is composed of an a and B 

glmbal tracking loop. It was suggested in reference [ 20 ] that these loops 

be approximated by the second order continuous-time models shown in Figures 6-21 

and 6-22. The loop constants w and t were designed (see reference [2ll ) so 

n 

that the angle rate estimator is critically damped and so that the loop transient 
response is damped out as quickly as possible while still meeting the loop noise 
specification. The design values of w^ and t are given in Table 6-5 for reference. 
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Figure 6-20 SIMPLIFIED DlA(3tAM OF KU-BAND ANGLE SATE AMD ANGLE TRACKER 
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Table 6-5 ANGLE TRACKING LOOP CONSTANTS fn AND t 


RANGE INTERVAL, nm 

fn , hz 

tt SEC 

Passive Mode 



R > 9.5 

0.027 

11.8 

3.8 4 R <9.5 

0.027 

11.8 

1.9£ R < 3.8 

0.075 

4.2 

R < 1.9 

0.12 

2.7 

Active Mode 



R > 9.5 

0.027 

Ml. 8 

R< 9.5 

0.075 

4.2 


* P" I in the angle rate loop design. Therefore T* . 


T 

1 
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The a and 6 loop modals ahovn in Flguraa 6-21 and 6-22 ««ra adopcad. 


with one modification, as the basis for the angle tracking perfoxmanue 
computer model. The one modification is that the return signal is actually 
generated and processed to produce the angle discriminants (sec section 6.4). 
This provides n»re flexibility and accuracy in the modeling of angle tracker 
error sources as discussed below. Introduction of the discriminant generation 
into the model requires calculation of the equivalent loop constant k^^. This 
is dons using the expression 


(6.46) 


’‘eq " 4 k^A> 


where 


w ■ loop natural frequency given in Table 6-5, 


slope of normalized antenna difference pattern 
given in Figure 4-8, 


p - 


1+SNR 


-1 


and it is assumed that SNR »1 so that P">1. Table 6-6 suamarizes the results 

of the k calculation for each value of w listed in Table 6-5. 

6.6.2 Model Assumptions and Approximations 

The analog models of the a and S tracking loops are based upon the 

following assumptions. In the area of the antenna electronics, the antenna 

glfflbal motors are treated as perfect analog Integrators and any filtering 
used for signal shaping, predistortion, or smoothing is assumed to work ideally. 
The rate stabilization loop is assumed to act instantaneously to remove the 
body inertial angular velocity from the estimates of the target inertial LOS 
azimuth and elevation rates. This is a reasonable assumption, since the rate 
stabilization loop bandwidth is much %rlder than the angle rate loop bandwidth. 
Also, any errors such as gyro drift or thermal noise introduced by the antenna 
electronics, are ignored. 
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Table 6-6 EQUIVALENT ANGLE TRACKING LOOP CONSTANTS k and k 

•9 




RANGE INTERVAL, nm 

2 

k , deg/sec 

«q 

k^ deg/sec 

Passive Mode 



R > 0.5 

\ 

2.0106 X l5^ 

2.3725 X 10^ 

3.8i Ri9.5 

2.0106 X 1(5^ 

2.3725 X iQ^ 

1.9 ± R <.3.8 

1.5529 X l5^ 

6.5907 X l5^ 

R < 1.9 

3.9750 X l6^ 

1.0546 X l5^ 

Active Mode 



R > 9.5 

2.0106 X l5^ 

2.3725 X lO^ 

9.5 

1.5529 X l5^ 

6.5907 X l5^ 


k^^ - (nomallzcd difference pattern elope)j 


k r 

•q 


I 

I 

I 
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Th« tlgnal generation and proceaeing aaatanptlona that affact the 
preaent veralon of tha angla tracking model are (1) the choice of antenna aua 
and differanca pattamai (2) ignoring tha qxiantlaation noiaa Introducad Ij tha 
digital aignal proceaaor, and (3) ignoring tha dlffaranca in aicrowava loaa 
between the auo and differanca channel. Neglecting the aicrowava loaa dlffaranca 
will hava a noticeable impact upon angle tracker performance at low SNk. Thla 
error aource will be Included if time permlta. Quantlaatlon affecta are 
Ignored in all procaaaor atepa except tha laat one: computation of tha angla 
dlacrlalnanta. Thaaa dlacrlmlnanta are quantized to 3/16 dB accuracy. Thua» 
ona of the major aourcaa of quantization la include in tha model ai^ the 
Impact of aaauDtptlon (2) la net too algnlf leant. However, quantization ot 
the dlacrimlnant dona Increaae tha iaq>ortance of tha antenna dlffaranca 
pattern aelectlon, aa thla choice will affect the reaolutlon capability of 
the angle rate eatlmator and tha angla tracker. 

Tha laat major aaauiiq>tlon Involvaa the implementation of the continuoua- 
tlme loopa of Figurea 6-21 and 6-22 on the coatputar. Thaaa modala are 
approximated by the diacrete-tima loopa ahown in Figurea 6-23 and 6-24. Tha 
fundamental aaauaiptlon uaad In tha dlacratizatlon procaaa waa to replace the 
analog Integratora by tha digital integration modal of Figure 6-25. Effect 
of thla approximation la to conatraln the antenna to move in a atalr-caae 
faahion. That la, the antenna poaltion remaina conatant during an update 
period and ia moved to the new predicted a and 6 at tha begixming of the next 
update period. Therefore, the digital integrator approximation will be 
practical provided the coozBanded a and 0 ratea are not too large. 
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6.6.3 


Error Sources Modeled 


Error sources in the Ku-Band radar angle and angle rate tracking loop 

that are modeled In the simulation Include 

e Target error effects (to the extent that the target scattering 
model Is correct), 

e Thermal noise, 

e Boom deployment error, 

• Radar offset error, 
e Discriminant error, 

• Glmbal bias error. 

All of the errors listed above, except the glmbal bias error, are Included In 
the generation of the angle discriminant. Target-Induced angle and angle rate 
measurement errors are Included by virtue of the fact that the return signal 
Is generated and processed. Then, provided the target scattering model Is 
accurate, the target-induced errors will be accurately represented. Thermal 
noise Is based upon the receiver and signal procetr ?r configuration; the exact 
method of computation Is derived In Appendix D. Boom deployment and radar 
offset errors occur because the radar transforms the radar estimates of angle 
and angle rate to body coordinates assuming the radar Is located at the 
orlblter body C.G. and the radar frame Is yawed with respect to the body 
frame. These two errors are Included by computing the target return signal based 
upon a radar offset from the orblter C.G. and then transforming the resulting radar 
estimates with the same equations that are used by the radar microprocessor. 
Discriminant error Is the distortion Introduced by the method of discriminant 
computation. This distortion Is Induced by (1) large target angle errors 
or (2) low St!R as Illustrated In Figure 6-26. The last error source Included 
In the model Is glmbal bias error, l.e., the error In the glmbal position 
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reading. This source is easily Incorporated into the model as Illustrated in 
Figure 6-21. 

6.6.4 Model Performance 

This subsection presents the results of tests of the angle and angle 
rate tracking model. Two tests of the angle tracking model were performed. 

In the first test, the response of the angle discriminant generator was - 
computed as a function of angle error and SNR. This test was performed with 
the quantization removed. Results of this test are given in Figure 6-26 and 
they agree reasonably well with the theoretically predicted discriminant functl<» 
given in W and (52], The second test checked the step response of the 
angle rate estimator to determine whether It Is behaving as a second order 
critically damped loop. This test made the following assumptions: (1) the 
SNR was much greater than unity, (2) the loop was run In an "analog" fashion, 
l.e. all quantization and discretization of the quantities involved was 
Ignored, and (3) the a-loop was used for the test with 6 set equal to zero. 
Results of this test are shown In Figures 6-27 through 6-29 for each loop 
bandwidth. The 2Z convergence times obtained from the computer model agree 
quite well with the theoretical values as obtained from the solution of 
the following transcendental equation 
(6.47) (o + l) - 0.02 e“ 

where a ■ w t, t 

w^ ■ loop natural radlar frequency, 
t 2 ■ 2Z convergence time . 

We make the following disclaimer about the tests and tests results 
discussed above. These tests show only that the simulation model provides 
accurate representation of the theoretical design of the angle tracking loops. 

It does not prove that the model response will closely approximate the actual 
hardware response under all conditions. 
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t.SICONO 


Figura 6>27. Angie Rate Loop Step Retpoma (R < 1.9 njnL). 
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6.6.5 Computer Model Details 


The computer model of the a and g tracking loop« is broken into 
two distinct parts: (1) the generation of the discriminants and (2) using 
these new discriminants to generate new target inertial roll and pitch rates 
and new target roll and pitch angles. The first step is included in the 
signal generation and processing algorithm and was described in section 6.4. 

In this subsection we present a detailed description of step (2). 

The algorithm used to update the angle rates and angles is shown in 
Figure 6-30. A stepwise description of the algorithm follows below. A prelim- 
inary step that is required prior to updating the angle and angle rate filter 
equation is to quantize the angle discriminants to 3/16 dB accuracy: 




where Qjj 
we have 


means 


the greatest Integer in 


Using this preliminary computation^ 


(6.49) 


where 


l„ta) - l„(n-l) + I. D„(n) 

t A 

“ smoothed target inertial LOS elevation rate, 

€ A 

6^ “ smoothed target inertial LOS azimuth rate, 
Tg ■ update interval, 

K “ loop constant computed from equation 6-46. 
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Flgura 6-30 ANCLE AND ANCLE RATE TRACK LOOP FILTER COMPUTER ALGORITHM 




:! 


1 

I 


1 

1 





The second step is to update the a and 6 giabal rates, a and 6 , This 
Is accomplished by subtracting the body inertial angular velocity from the 
new estimate of the target inertial rate and transforming appropriately. 
Quantitatively, the new a and 8 estimates are obtained from the expression 


(6.50) 


where 


“(") ■ l^t") - ' COS0 

S(n) - ujj(n) - .^(n) 

u^(n) ■ X-component of body Inertial angular velocity 
at time sample n expressed In L- -coordinates. 


Equations (6.50) are derived In Appendix A, section A. 2 (see equations (A. 7) 
and (A. 9), respectively). 

In the fourth step, we update the a and 8 glmbal positions to be 
used for the next update period. This is easily accomplished by using the 
digital approximation of the analog integrator illustrated in Figure 6-25 to 
obtain the expression 


(6.51) 


o(n) - o(n-l) + T» a (n) 
8(n) - 8(n-l) + T, 8 (n) . 


The fifth step is to transform the smoothed estimates of the target 
inertial LOS azimuth and elevation rates to target inertial roll and pitch 
rates. This is done using the present values of a and 8 and the expression 
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(6.52) 






where is computed using a(n-l) and 0(n-l). The above equations are 
derived in Appendix B section B.3. The final step is to transform the present 
values of o and B gimbal position, a(n-l) and 8(n-l), to target roll and pitch 
angle in the orbiter body (g) frame. This is accos^lished by the following 
expressions 

n T (2,3)”T 

Target Roll Angle - -tan"^ - 57.29576 

Target Pitch Angle - -sin“^ 3)^57. 29576 


which are derived in Appendix B section B.2. Once the new target roll and 
pitch angles hsve been computed, any ambiguity in these angles is reisoved 
using the relations (5.7). 


6.7 RANGE AND RANGE RATE TRACKING M(M)EL DESCRIPTIOK 

The range and range rate tracking simulation model is functionally 
identical to the Ku-Band radar range and range rate tracker. Figure 6-31 
provides a slsDllfied block diagram ot the range and range rate tracking loop 
model. It is composed of three major algorithms: (1) the signal processor 
which generates the range and velocity discriminants, (2) a tracking loop 
filter which uses the range discriminant to produce estloates of the range and 
rai^e rate, and (3) a velocity processor which uses the velocity discriminant and 
the rough range rate estimate to produce a very accurate estlaiate of the target 
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SIMPLIFIED DIAGRAM OF RANGE AND RANGE RATE TRACKING LOOP 



Processor 









vtloclty. The ligiutl proccaslng algorithm which generatea cha range and 
velocity dlacrlmlnanta haa already been deacrlbed In acetion 6.4. Therafore, 
thla aubaectlon will focua on the detaila of the track filter model and the 
velocity proceaaor model. 

6.7.1 Range Tracker Hodel Deacrlptlon 

The range tracker algorithm la compoaed of a elgnal proceaalng and 
a dlacrimlnant generator algorithm and a dlacrete-time range tracking flltar 
algorithm. The algnal proceaalng and range dlacrimlnant generation algorithm 
cloaely approximate the correapondlng function In the Ku-Band radar aa 
diacuaaed In aactlon 6.4. The dlacrete-tlme tracking loop filter ahoim in 
Figure 6-32 la aiodeled exactly. This Includes quantising the rai^e discrim- 
inant to 3/16 dB, quantising the output range estimate to 5/16 feet* quantising 
the oupput rax«e rate to second where x, !• the update Interval, 

and using the same values for m^ and m^* the loop constants. These loop 
constants were calculated in (233 •od *te suanarlsed In Table 6-7 for the 
varloua operating conditions. 

Assumetlons . One of the major simplifications In the range tracker 
involves the filtering at IF and baseband. It Is assumed that the IF filters 

pass the perfect rectangular target return pulaes without distortion. Also 
the baseband (or video) filter Impulse response Is assumed to be perfectly 
rectangular and of width equal to the A/D sample Interval. Impact of these 
simpliflcationa should be mlnl'^wV. The only other assumption that might 
have some impact on model fidelity la neglecting the quantization noise con- 
tributed by the signal processing chain from the A/D to the discriminant 
generator. This aasumptlon will have varyl^ Impact upon the o»del fidelity, 
depending upon target return signal strength. 
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Table 6-7 EQUIVALENT RANGE TRACKING LOOP CONSTANTS ® and 

a 0 


RANGE INTERVAL, nm 

m 

a 

m 

b 

Passive Mode 



R > 9.5 

16.0 

0.25 

3.8 £ R< 9.5 

16.0 

0.5 

1.9 < K<3.8 

16.0 

2.0 




0.95 < 1.9 

8.0 

1.0 

0.42 <^R <0.95 

8.0 

2.0 

R < 0.42 

0.5 

0.125 

Active Mode 



R > 9.5 

4.0 

0.25 

R£,9.5 

0.5 

0.125 
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Error Sources. Error sources incorporated into the range tracking 


model include 

• Target-induced errors, 

e Thermal noise, 

• Dlscrimina t Distortion 

• Range bias. 

Target induced errors, thermal noise, and discriminant error are Included In the 
range discriminant computation. As noted in the angle tracker model discussion, 
the target induced errors will be accurate to the extent that the scattering model 
for the target is accurate. Thermal noise is computed using the model discussed 
in section 6.4 and derived in Appendix D. Range bias is treated as a fixed 
number representing errors in the system time delay calibration and time— varying 
system delays. 

Model Performance . Testing of the range tracker model is analogous 
to the angle tracker model testing. That is, the range discrlmlnanc was checked 
for accurate performance and the tracking loop was tested for proper design 
and loop constant values. The rules for the range discriminant test were the 
same as the angle discriminant test: quantization was ignored and the discrim- 
inant was computed for several values of range en;or and SNR. Results of the 
discriminant computations are shown in Figure 6-33 and agree with the theoretical 
calculations shown in reference K- 

The second test verifies that the loop is operating as designed and 
that the constants are correct. It is performed by applying a constant range 
acceleration to the target and computing the range response. The range tracker 
should respond with a steady state range estimate bias error that is related 
to the value of 0 (or m^) and the target range acceleration by the expression 
(taken from reference {^)> 
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(6.54) 


Range Bias Error 



S 

where a - value of target range acceleration, 

80 

^ ■ ct^ ln2 
1 

p 

1+SNR ^ 

Tg ■ update Interval. 

The test described above was performed under the following assumption: 

the range tracker was operated in "analog fashion". That is, the 

discriminant was not quantized and all multiplications and additions were 

done in floating point arithmetic. The results of accelerating the target 

at 10 fps are shown in Figures 6-34 through 6-37 for range intervals possessing 

different 8 values. These data are in excellent agreement with the theoretically 

predicted results, indicating proper operation of the range tracking loop. 

6.7.2 Velocity Processor Model Description 

Model . The simulation velocity processor algorithm is functionally 
.identital to the Ku-Band radar velocity processor algorithm. A simplified 
block diagram of the algorithm is shown in Figure 6-38. It is composed of 
two major tasks: (1) determination of the unambiguous velocity estimate and 
(2) updating the position of the doppler filter bank. 

As shown in Figure 6-38, the first task is accomplished by computing 
the ambiguous velocity estimate and then using this estimate and the rough 
range rate estimate r from the range tracker to determine the unambiguous 
velocity estimate. Figure 6-39 gives a block diagram of the algorithm used 
to compute the ambiguous velocity estimate. The basic idea of this algorithm 
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ERROR. FEET 




RANGE ERROR, FEET 



TIME, SECONOR 


Figura6-a6. Rangt Tracking Loop Trami«ifit RtiponM for RangM0.96<R<3.8 NM. 
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Figure 6-38 fOJ-BAND RADAR VELOCITY PROCESSOR 





Fractional Nuaber of Filter 
widths. 




is as follows: computa tho Integral number of filter widths between zero 

frequency and the target location* combine It with the fractional filter width 
that remains, and scale appropriately to obtain the ambiguous velocity estimate. 
It Is noted that the fractional part Is determined to an accuracy of 1/128 of 
a filter width in all cases. 

The ambiguous velocity resolver algorithm Is glvra in Flgura 6»40. 

This algorithm operates using the following principle. The ambiguous 
velocity Is used to give a very accurate location of the target in the 
doppler filter bank and the rough range rate estimate Is used to estimate 
the integral number of filter banks that the target velocity la removed 
(either up or down) from zero frequency. The unamblguoua velocity la then 
obtained by combining the fractional filter bank width with tha Integral 
number of filter bank widths and scaling appropriately. 

It Is worth mentioning here that the resolver has some additional 
protection against Inaccurate determinations of (the nuinber of filter bank 

A 

ambiguities) caused by noisy r values, especially when the target velocity 
falls near either edge of the ambiguous filter bank. The portion of the 
resolver algorithm that provides this protection Is enclosed In dashed lines 
in Figure 6-40 and works In the following way. If the computed position of 

A 

the rough range estimate in the ambiguous filter bank, call It r^. Is more 
than half a filter bank (16 filters) from the ambiguous velocity estimate, 
then the ambiguity number Is Increased or decreased by one, depending upon 

A 

the sign of the difference between v^ and r^. 

The other major task of the velocity processor algorithm Is to update 
the position of the five adjacent doppler filters, always maintaining the 
target In the center filter (provided target acceleration la not too great). 

The Initial position of the filter set is determined by the filter in which 
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Figure 6-40 SIMPUFIED DIACRAM OF VELOCITY RESOLDTIOH PROCESS 









c«rg«t dcctcclon occurrad. Thl< position is thm updstsd during track using 
ths algorithm shown in Figure 6<-41. Depending on the values of the velocity 

and on-target discrimijnantst the position can be moved by 0» ^ 1« or jk 2 

filter widths. The exact decision algorithm is given in the figure. 

As sumptions. ModeliAg assumptions that affect the velocity processor 
are that accelw'ation of the target is not allowed during a data cycle Md 
quantization error contributed by the signal processing chain from the A/D 
to the discriminant generator is Ignored. Target acceleration during a data 
cycle causes broadening of the signal energy spectrum (a spreading over the 
doppler filter outputs)* causing come degri^atlon in velocity processor 

performance. Thus* the zero-acceleratiim constraint will give an optimistic 
estimate of performance in those cases %rtiere the target Is accelerating. The 
effects of neglecting the quantization error has not been analyzed yet. 

Error Sources Modeled . Velocity processor error sources Include 
e Target-induced errors* 
e Thermal noise* 
e Discriminant distortion. 

All three of these errors are included lu the computation of the velocity 
and the on-target discriminants. Target-induced .error modeling Is achieved 
in the same manner as in the angle and rai^e tracker models. Thermal noise 
is injected using the method described In section 6.4 and Appendix D. 
Discriminant error is generated by uaing an accurate discriminant computation 
model. 

Hodel Performance. Perfotmance of the ambiguous velocity estimator, 
was tasted in the following way. The target estimated ambiguous velocity was 
computed as m function of target position over a filter width for high and 
low SNR values. Rasults of this test are shown in Figure 6-42 and agree with 
the theoretically predicted performance given in [2sj. 







The ^blgulty resolver has not been tested. However, it is noted 
that for ranges less than 12 nin (7 kHz PRF) the error in the rough range 
rate estimate would have to exceed + 123 feet per second before the ^nblguity 
number Is In error. 

6.7.3 Computer Algorithm Details 

Construction of the range and range rate tracking loop computer 
model Is Identical to the angle and angle rate tracking loop computer model. 

That Is, the computer model Is broken into two distinct parts. One set of 
algorithms Is dedicated to generation and processing of the target return 
signal to produce the required discriminants. These algorithms were described 
In section 6.4. The other part of the model is dedicated to updating of the 
range and velocity estimates and updating of Internal control parameters. 

This part Is described In this subsection. 

Figure 6-43 gives the range tracker and velocity processor computer 
model. This algorithm is divided Into four tasks: (1) updating the tracking 
loop filter difference equations which give the latest estimate of the range and 
rough range rate, (2) ambiguous velocity determination, (3) unambiguous velocity 
determination and (4) updating of the system Internal control parameters. Each 
of these tasks are described In detail below. 

Range and Rough Range Rate Estimate Update. The first step Is to 
quantize the range discriminant to 3/16 dB using 
(6.55) Dj^(n) - P(16/3) Dj^(n) + 1/2*] 

where means take the greatest Integer In • .Tliea, the range and range rate 
estimates are updated using the difference equations 
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Figure 6-43 RANGE AND RANGE RATE TRACKING LOOP CCWPUTER ALGORITHM 

(1 of 2) 


ENTER 


Quantize 
Range Discrimi- 
nant to 3/16 dB 
Accuracy 


Update Range 
Rate Estimate 
(Eqn 6.56) 


Update Range 
Estimate 
(Eqn 6.57) 


Scale Range 
Estimate to Feet 


Add Fixed 
Range Bias 


Range Track 
Loop Filter 


Quantize Velocity 
Discriminant To 
3/16 dB Accuracy 


Compute Integral 
Number of Filter 
Widths In Ambig- 
uous Velocity • 


Compute Fractional 
Portion of Ambig- 
uous Velocity. 

(Eqn 6.59) 


Combine Integral And 
Fractional Parts To 
Form Ambiguous Velocity 
Est. Scaled to 1/128 of 


Ambiguous Velocity Estlmater 




Figure 6-43 RANGE AND RANGE RATE TRACKING LOOP COMPUTER ALGORITHM 

(2 of 2) 




Compute Number Of 
Filter Bank^Amblg-| 
uitltes in R. 

(Eqn 6.61) 1 


Comoute Position 
Of R in Ambiguous 
Filter Bank. 

(Eqn 6.62) 


i - V. 

. A A 


a| < H? 


Compute Unambig- 
uous Velocity 
Estimate. 

(Eqn 6.64) 


Compute Smoothed 
Unambiguous 
Velocity Estimate. 
(Eqn 6.65) 


Aa H -N - N -1 
I a a 

A a.1} * N - N -t-1 

a a 


Update Pos 
5 Track F 
(Eqn 6.66 
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or 
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System Control 
Parameter Update 
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(6.56) 

(6.57) 


R(n) ■ R(n-l) + mgDj^(n) 

R(n) ■ R(n-l) + R(n) + m D_(n) 

a K 


where It should be noted that ft Is scaled to 5/16 feet and R is scaled to 
5/(16 ’^g) feet per second. The last step Is to scale the range estimate to 
feet and add a fixed range bias to form the radar predicted range estimate. 
Ambiguous Velocity Estimator. In the first step the velocity 


discriminant Is quantized to 3/16 dB by replacing by in equation (6.55) 
Next the integral number of filter widths between zero frequency and the 
target location In the doppler filter bank Is updated using the equation 


(6.58) 


where 


Integral Number of 
Filter Widths 


0^, if i 0 

m , if D_ < 0 

c V 


m^ * filter number of low filter 
(see Figure 6-12), 


m “ filter number of center filter, 
c 


Then, the fractional filter width remainder Is determined to 1/128 of a filter 


width accuracy In the following way: 


(6.59) 


Fractional Filter 
Width Remainder 


F(Dy) . if > 0 

l-F(D^), If < 0 


where the function F Is shown In Figure 6-44. This function Is predetermined 


using the expression 


(6.60) 


/ 3in 16X^ Sin V 
°V " 3 \ sin Sin 16Xg I 
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where 




t - PRI 
P 


C* J ■ greatest integer in 


to associate a value with each of the following values of f: 

, 0 1 127 ' I 

^256t 256t 256t 

P » P»“““» P 

These vtdues are stored in the computer in look-up table fashion. The last 
step is to compute the ambiguous velocity estimate by adding the results 
of equations (6.58) and (6.59). 

Velocity Resolver. The first task is to compute the number N. of 

A 

A 

ambiguous doppler filter bank widths In R(n) . This is achieved using 


(6.61) 


“a 

N - R 

a L 


R(n) / V, 


where V_ is the maximum unambiguous velocity. Then, N Is checked for 

O s 

A 

accuracy using the following procedure: the position of R(n) In the 

A 

ambiguous filter bank, call It R (n). Is computed using the equation 

d 


(6.62) 


R^(n) ■ mod (R(n), V^) 


and is compared to the ambiguous velocity V obtained from the first step. 

d 

The ambiguity number is corrected, depending upon the result of this 


comparison, as follows 


(6.63) 


N +1 , if R -V < 
a a a— 2 

Vb ^ '^B 

\ . If - v,)< Y 


N -1 , if R -V 

a a a 2 
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Once Che ambiguity number haa been correctly determined, it is 
combined with the result from step one to obtain the unsMothed, 
unambiguous velocity estimate, V^(n), i.e. 


(6.64) V (n) - V (n) + N V_ . 

u a a B 


The final step is to pass this value of V^(n) through a digital smoothing 

filter. This filter is a moving window average which averages the previous 
three values with the present value. Quantitatively, we have 


(6.65) 


V (n) - Z V (1) 
« i-n-3 “ 


Internal Control Parameter Update. Based on the new estimates of 
the range, the velocity discriminant and on-target discriminant the 
following internal controls are updated: (1) filter bank position, (2) 
the range interval parameter, MRNG, (3) the PBF parameter, MPRF and (4) 
the sample rate parameter, MSAM. The filter position update requires the 
on-target and velocity discriminant values and the following algorithm: 


(6.66) m - 
c 


m^-2 if > 0 and < T, 

“^-1 if >51 and > T, 

“^+0 if |n^| < 51 and > T, 

if <-51 and > T, 

“ +2 if D„ < 0 and D._ < T . 

c V OT 


The range interval parameter MRNC is determined by finding the integer 


1 such that 


3, If MRNG > 9 and IMODE - 1 . 


(6.67) 




where the are Hated in Table 6-4. MSAM la computed uaing the 


following algorithm 


( 6 . 68 ) KSm 


1 , If MRNG < 9 and IMODE - 1 
or MRIR: < 4 and IHODE - 2 


2 , If MRNG > 9 and IMODE - 1 
or MRm > 4 and IMODE - 2 . 


Finally, the PRF parameter, MPRF, la updated by 

f”l , if MRNG ^ 9 and IMODE - 1, 


(6.69) 


MPRF ■ 


or MRNG £ 9 and IMODE - 2. 


2 , if MRNG > 9 and IMODE - 2, 


The valuea for MRNG, MSAM and MPRF aa a function of range Interval 
and aystem mode are aunnarlzed in Table 6-4. 
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7. 


RECOMMENDATIONS FOR FURTHER STUDY 


DEVELOPMENT 









7.1 SYSTEM ANALYSIS 

The present computer simulation model Is a very useful tool for 
evaluation of the Ku-B«id Radar track mode design. As an example of a useful 
system analysis where the model can immediately be applied, consider the 
following problem. At the present, It Is not clear that one should PDI over 
all five frequencies In the track mode. Instead, It has been conjectured 
that performance would be Improved by selecting the largest return of the 
five frequencies, especially tdien the return signal Is weak and the target 
scattering properties are sensitive to small changes in transmit frequency. 

In this case, the computer simulation model can easily be adapted to perform 
an analysis of this problem. 

7.2 RADAR MODEL FIDELITY IMPROVEMENT 

Some of the areas where the radar simulation model may be Improved are 
o reducing computation time, 
o discriminant model accuracy, 
o AGC model accuracy, 
o search model fidelity. 

Reducing computation time is always desirable, since it will provide room for 
Improvement in the model accuracy. For example, a reduction in computation time 
would allow us to use a more accurate discriminant generation model (see Appen- 
dix C) . An accurate AGC model will not consume an appreciable amount of com- 
putation time, but it will require a significant amount of time to develop. 
Install, and test an accurate algorithm. Accurate AGC estimates would be use- 
ful in predicting radar performance when a target fades rapidly and providing 
accurate signal strength estimates under weak target (low SNR) conditions. 
Although the search model has enough fidelity to provide adequate crew training, 
significant Improvements can be mede in this area if desired. 
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7.3 


TARGET MODEL FIDELITY IMPROVEMENT 


If th« target scattering measurements reconmiended In section 4.3.5 
are performed, then it would be very useful to correlate these data with 
the predictions of the present target model and. If feasible, make the necessary 
adjustments In the present model. 
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APPENDIX A 


DERIVATION OF ANGLE AND ANGLE RATE TRACKING LOOP 
MODEL INITIALIZATION 

The purpose of this appendix Is to derive the equations used to 
initialize (1) the target inertial LOS azimuth and elevation rates and (2) 
the Qt and S glmbal rates. Fundamental to both derivations is the following 
fact taken from [2^. Consider two reference frames A and B with a common origin. 
Suppose B is rotating uniformly with angular velocity w with respect to A. Then 
the velocity of a free point target as measured by an observer fixed in frame 
A is related to the velocity of an observer fixed in frame B by the equation 

(A.l) v|^ . V|g + wx^ 

where v|^ - velocity measured in the A frame, 

r " position vector of the point target, 

and all of the vectors in equation (A.l) are expressed in the same, but arbitrary, 

coordinate system centered at origin of the A (or B) frame. 

An Important assumption that is used in both derivations is that the 

target c.g. is assumed to be on the antenna boresight axis, or, equivalently, 

the negative z axis of the L- frame at the time of initialization. Thus, the 
L 

position vector r has the form 



A.l DERIVATION OF TARGET INERTIAL LOS AZIMUTH AND ELEVATION RATE' INITIALIZATIONS 

Using the assumption stated in the previous paragraph, we can define 
the target inertial LOS azimuth and elevation rates by the expressions 
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(A. 3) 


Inertial LOS 

m 

Azimuth Rate 

Inertial LOS ^ 
Elevation Rate 


w, 


Tjc 


. L 


oy' I 

iV 

'oiii 


Li 

where ’'^o * I " target c.g. as measured in the 

Inertial frame and expressed in LOS coordinates. 

We can now begin the derivation. Given that the orblter body has the 
inertial angular velocity w , equation (A.l) can be written 

D 


o 'I 


-^L| .'^Lw**‘L 

V „ + w_ X r . 

o 'B B o 


Using the assumption given in equation (A. 2), the x and y components of v 


-»L, 


o ' I 


can be written 


ox' I 


ox' B 


- w. 


L L| 

B, I'o I 


(A.4) 


+ w„ 


’oy' I 'oy' B Bjc ' o ' ' 

Dividing equations (A.4) ^ | r^ and using the definitions of target inertial 
LOS rates given in equations (A. 3), we obtain 



Inertial LOS 

L 

v\ 
ox B 



Elevation Rate 

- «Ty ‘ • 

I'ol 

■ -""By 

(A.5) 

Inertial LOS 

L 


+ w ^ 


Azimuth Rate 

”tx " 

l%l 

Bx 

• 
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A. 2 DERIVATION OF a AND B GIMBAL RATE INITIALIZATIONS 

The a glmbal rate Is defined as the rate of rotation of the outer 
gimbal (or G) frame about the x-axls of the R frame. If we assume the 
rotation Is uniform, then from equation (A.l) we have 


(A.6) 


° B ° G 



+ I 0 1 X r 


Noting that 


G m L 
r ■ T_. r 

o GL o 


cos B 0 sin B\ / 0 
0 10 


-sin B 0 cos B 


r 


or 


sin B 

' o' 


- 1 r^ I cos B 


and writing out the y-component of equati<m (A.6), we then have 


G I G I * . 

V “V + a I r*^l cos B« 

oy'g oy'g I ol 


But the y-component of the target velocity as measured in the G-frame and 



The B gimbal rate, B , Is defined as the rate of rotation of the 

Inner gimbal (or L) frame about the outer gimbal (or G) frame y-axls. 

Using this fact and equation (A.l), we obtain 



G 

Noting that | ■ 0 by assumption and substituting the resultant expression 
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for V I Into equation (A. 6), gives 
° G 


6 X r. 


Transforming to L-frame coordinates. 


(A.8) 





The expression for 8 can be obtained from the x-component of equation (A.8). 
It is 


-V 


(A. 9) 


ox 


■ w_ - w_ 
Ty By 


where equation (A. 5) was used to obtain the last equality. 
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APPENDIX B 


DERIVATION OF TARGET PITCH ANGLE. ROLL ANGLE. INERTIAL 
ROLL RATE. AND INERTIAL PITCH RATE TRANSFORMATIONS 

This appendix presents the derivations of (1) the transformation of 
a and 3, which are tracked by the radar, to roll and pitch angles In the Orblter 

Body (B) frame and (2) the transformation of the target Inertial LOS azimuth and 

elevation rates, which are estimated by the radar, to target Inertial roll and 

pitch rates In the B frame. 


B.l DEFINITIONS AND ASSUMPTIONS 

We first provide definitions of all quantities which are pertinent 
to the derivations given below. The a and B glmbal angles were defined In 
Section 2.1, while the roll and pitch angles are defined as follows: 

• Target Roll Angle Is the angle between the -Z^ axis 
and the projection of the target direction vector on 
the Z -Y plane as shown In Figure B-1. 

o O 


• Target Pitch Angle Is the angle between the target 
direction vector and the projection of the target 
direction vector on the Z_-Y plane. 

D B 

Quantitatively, these definitions can be expressed as 

Roll angle ■ -tan^ 

(B.l) 



Pitch angle 


^ -slu 


-1 


A 

r 


A 

X, 




where ■ unit vector In direction of the target. 



B 



unit vectors along the X_, Y , Z axis of the B-frame, 

o O O 

respectively. 


The target Inertial LOS azimuth and elevation rates were defined In 


238 



FiflMraB-1. Ocfinitfon of Taigvt Roll and Pitch Ait|^ 


Appendix A equation (A. 3). Inertial roll and pitch rate are defined as 
• Inertial Roll Rate is the projection of the target 
Inertial angular velocity (estimated by the radar) 
along the X^-axis. 

e Inertial Pitch Rate is the projection of the target 

inertial angular velocity along the Y_-axis. 

0 

Again, mathematically we have 

Inertial Roll Rate ■ -w . 

(B.2) ^ 

Inertial Pitch Rate ■ -w^ . Yg . 

There are two basic assumptions that were made in the development 
of the required transformations. These are that 


(1) the radar is located at the origin (or C.G.) of the 
B-frame, i.e. no offset, 

(2) the 67° yaw angle between the B and R frames is 
assumed to be exact, i.e. no boom deployment error. 

With these assumptions under our belt we can define one last, but very useful, 

quantity. The transformation matrix T , which transforms a vector expressed 

BL 

in L coordinates to a vector expressed in B coordinates (see section 2)^ is 
defined by 


(B.3) 


BL 



-sy 

cy 

0 


where c ■ cos, 




0 

1 

0 


3 ■ sin, 

Y - +67°. 



B . 2 DERIVATION OF TARGET ROLL AND PITCH ANGLE TRANSFORMATIONS 


As mentioned in the introduction we. are given the a , B angles and 
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desire to convert these angles to roll and pitch. Consider the following 
argument, r^, the unit vector In the direction of the target, lies along the 
Z -axis in the LOS frames. This can be written 

id 


■(:) 


Tranforming this vector to the Body Frame coordinates, 
we have 


(B.4) 


r 

BL o 


-Tbl 

-TbL <2.3) 


Using equation (B.4) and the definitions of roll and pitch angles given in equations 
(B.l), we obtain 


Roll angle 


(B.5) 


, -1 

-tan s 

BL(3,3) 


Pitch angle - -sin 




B.3 DERIVATION OF TARGET INERTIAL ROLL AND PITCH RATE TRANSFORMATIONS 

In this case, the radar estimates the components of the target inertial 
angular velocity vector in the LOS frame, and we would like this vector transformed 
to the B-frame coordinates. The argument begins by noting that in the LOS frame 
the Z - component is always zero. That is. 


Transforming this vector to body coordinates, we have 


(1,1) 9^ + (1.2) 

^2.1) ®AZ^ ^BL ^2*2) 

<3.1) 0AZ+ T^L 

Using equation (B.6) and the definition of roll and pitch rate given in 
equations (B.2)^ target roll and pitch rates can be written as 

Target Roll Rote - (1,1) 9^ + 1^^^ (1,2) s^j^l 

(B.7) . 

lerget Pitch Ret. - -[t,^(2.1) * I,.,(2.2) _ 
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APPENDIX C 


DERIVATION OF THE NOISE-FREE DISCRIMINANT TOMPONENTS 
COMPUTATION MODEL 

This appendix provides a derivation of the noise-free discriminant 
component (see section 6.4.3 for a definition of discriminant component) com- 
putation model. A simplified diagram of the model, illustrated in Figure C-1, 
shows that each of the noise-free discriminant components is computed at the PDI 
output. Derivation of thi.* model la structured as follows. First, the complete 
target response representing the i th frequency, the j th time slot, the 1 th 
range gate, and the n th doppler filter is computed at the magnitude-detector 
output and then the individual noise-free discriminant components are formed by 
summing (PDIlng) the magnitude-squared detected response over the appropriate 
1, J, 1, and n Indices. 

C.l MODEL ASSUMPTIONS 

Assumptions used in the development of the computational model are listed 
In section 6.4.1. Rather than repeating the list here, use of each of the 
assumptions will be noted at the appropriate point In the derivation. 

C.2 NOISE-FREE MAGNITUDE-SQUARED DETECTOR RESPONSE DERIVAIION 

The development of the magnitude-squared detector response Is broken 
Into several steps. These are (1) compute the doppler filter response for a 
single point scatterer, (2) using the assumed linearity of the processor from 
the antenna to the doppler filter , compute the complete target response by vectorial 
summation of the individual responses, and (3) compute the magnitude-square of 
the result. These steps are illustrated in Figure C-1 and described in detail 
below. 

Doppler Filter Response For a Single Scatterer . We first write the 
expression for the k th target i.isponse at the baseband filter Input. This 
response represents that portion of the received waveform associated with the entire 
j th time slot at the 1 th frequency (see Figures 6-2 and 6-3) . The expression 
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Figure C-1 SIMPLIFIED DIAGRAM OF THE NOISE-FREE DISCRIMINANT COMPONENT COMPITTATION MODEL 
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for chi* rcsponaa la Stained by atarting with the point aeattarer'a aingla 
pulaa return at tha antenna output termlnala given In equation (4.1) and 

applying aaaumptiona (1) through (5) of aactlon 6.4.1. Thla given 



where 

la defined in equation (4. 1) , 

V- antenna aun pattern weighting for k th acatterer, 

“ antenna difference pattern weighting for k th acatterer 
and j th time elot, 

■ RCS for k th acatterer, 

f^ ■ k th target doppler ahlft, 
t^ " tranamlt pulae width, 
tp - PRI, 

^ (®k " *c) 

■ wavelength aaaoclated with 1 th tranamlt frequency, 

P(0 .p.Oitil 

lo, ocherwlae. 

The next atep la to compute the reaponae of the preauamier to the m th pulae 
In the above expreaalon. Thla computation Includea aeveral Intermediate atepa: 
baaeband filtering, aampling, range gating, and, finally, prcaunmilng. Aaaurap- 
tlona (6) through (8) are uaed in the filtering, aampling, and ranging gating 
proceaa. The result of this process la best described by the Illustration provided 
in Figure C-2, showing Che sampled pulse reaponae with respect to the early and 
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lace range gates. With these assumptions, the general response of the presiuuaer 


for the i th frequency, the J th time nlot, the 1 th range gate, and the m th 
pulse la 


(C.2) 


- Vk "ik *5kj> i««k "'p 


♦ki> 


• 2^ ^ (/“3/2) Np-1/2) T^-tj^ 

n*l 


where th* magnitude of the n th sample in the 1 th range gate and 

depends upon the position of the filtered pulse in the range gate es illustrated 
in Figure C-2. Quantitative expression of each 1* delayed until r.he 

following approximation is stated: 

Approximation : It is assumed that the phase progression 

over a pulsevidth can be ignored. 

Using this approximation, the summation in (C.2) simplifies to 
Summation I ^p 

• E *’kl 

in C.2 n-1 

■ "pVV 

and Ky(c,^) is defined by 




0. if A^-3 

or A^^l 


(C.3) 

h<'k’ ■ 


-1 

(Early Gate) 



If -1< 

A< 1 
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or 




1 

if 

-1<_ A 

<_ 1 

(C.4) 

RjCtk) ■ 

3-4 
2 ’ 

if 

1 <- A 

<. 3 



-0 , 

if 

A >3 

or A <.-1 


(Late Gate) 


where . It is noted that the approximation given above is excellent 

for all short pulse modes. However, it may introduce some degradation in the 
long range case where large pulsewldths are used. 

Calculation of the n th doppler filter response to the k th scatterer 
is easily accomplished by using equation (C.2) and (C.3)(or (C.4)) and forming 
the summation 

15 

(C.5) S^(i,j,l,n) » Sj^(i,j,l,m) exp (-j ^ 3 ^). 

m“o 

Performing the summation, we obtain 


where 


sin (16z^) 

C^d.j.l) - * SkJ> V,'V <-i2’^ki>- 


I ” 
tt(32 


f.t ), 
k p 


Magnitude-Squared Detector Response . The magnitude-squared detector 
response is obtained by vectorially summing the doppler filter responses of all N, 
scatterers using the assumed linearity of the processor, and then squaring the 
magnitude of the resultant sum. The result of these steps is the expression 
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This subsection derives the closed-form expression used to model each 


of the three discriminant types: angle, range, and velocity. 

C.3.1 Angle Discriminant Component Computation 

The angle discriminant component corresponding to the j th time slot 
Is obtained by performing a post-detection summation of the energy from the 
center doppler filter (q» m )over N_ frequencies and both range gates. This gives 
the expression 

N, 

(C.8) 

1-1 t -1 


T 2 




Practical Aspects of Computer Implementation . In order to reduce the 
amount of computation by a factor of two, the following approximation was used. 


I i 


I 1 


Approxlm.it Ion : For a given pulse from a single target, 
the early and late gate presum weights are equal and are 
given by % + R 2 

with the true position In the range gate Is retained. 

This approximation has the effect of altering the form of C^(l,j,/) 
used In equation (C.8). These coefficients now have the form 

(C.9) - Vic ‘’"sk * '<ikj> * b<'k>]/2 

r.expfjZ . 

We note that the approximation becomes exact when the target la composed 
of a single point scatterer. However, for a multiple point target, this approxi- 
mation may be Invalid, especially if the range tracker does not keep the return 


'k> 




However, the phase associated 
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pulses close Co the center of the range gates. 

As mentioned above the original motivation for this approximation 
was Co insure adequate computation speed. If it turns out that there is room 
for additional computation after the target has been represented adequately, 
then this approximation will be abandoned. 

C.3.2 Range Discriminant Component Computation 

The range discriminant component corresponding to the 1 th range gate 
is obtained by performing a post-detection summation of the energy from the center 
doppler filter over frequencies and four time slots. The expression for the 
range gate discriminant component is 


(C.IO) 



F 

J ^ S(i,j,/, m^). 

i-1 j-1 


Practical Aspects of Computer Implementation As in the angle dis- 
criminant case, we desire to speed the computation by making approximations in 
. In this case, we make the following approximation 


Approximation ; 


^dkj 


are Identically zero for all k and all j. 


In effect, this 'approximation makes the assumption that the angle tracker is 
working perfectly. The result of the approximation is to alter the as 

follows 


(C.ll) Vi,J./) - Vk ‘"'’sk % -p[-J2»'^kil- 

C.3.3 Velocity Discriminant Component Computation 

We note that the velocity discriminant components and the on-target 
discriminant components are computed in an identical manner. Therefore, only 
the velocity discriminant component computation is described. The velocity 
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discriminant component corresponding to the m^ (or m^) filter is obtained 
by performing a post-detection summation of all energy from the (or m^) 

filter. This can be exnressed as 


Np ^ 2 


(C.12) 


"VL 


sirs ' • 

i-1 j-li-1 


Practical Aspects of Computer Implementation . To enhance the computer 

speed in this case we use both approximations stated above for the angle 

discriminant and range discriminant. Therefore, the (i, j,/) for equation 
(C.12) are given by 


(C.13) 


\(1. id)- Vk'^Vp * "2<'k>]« 


\ 
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APPENDIX D 


DERIVATION OF THE THERMAL NOISE MODEL 
As described In section 6.4, the computational model for the noisy 
discriminant values generates the noise-free target response at the PDI output 
and adds the equivalent thermal noise sample, obtained from the appropriate 
statistics, to the noise-free value. This model is illustrated in Figure D-1. 
Motivation for Injecting the noise at this point, rather than at the signal 
processor Input or some Intermediate point was to enhance the real-time processing 
capability of the track mode. That Is, It was desired to maximize the number 
of point scatterers allowed in the target model. The purpose of this appendix 
is to demonstrate that the equivalent noise can be represented as an additive 
noise process ^md to derive the statistical characteristics, l.e. the mean, the 
variance, and the probability density function (pdf) for each member of this 
random sequence. 

D.l MODEL ASSUMPTIONS 

Derivation of the noise model Is based upon the following set of 
assumptions. The primary assumption Is that the form of the signal. Including 
thermal noise, at the doppler filter output Is given by the expression 

(D.l) v(n) ■ V (n) + v (n) - (S (n)' + n_(n)) + j (S (n) + n (n)). 

I q i i 4 q 

S_(n) and S (n) are the In-phase and quadrature components of the noise-free 
I <1 

target response at the doppler filter output for the n th time sample. The 

quantities n_(n) and n (n) are the in-phase and quadrature components of the 
I q 

thermal noise process for the n th time sample. These components are assumed 
to have the following statistical characteristics: 

(1) both are Gaussian random sequences, 

(2) n^f n are statistically independent for all values of n, 

(3) n_(i), n_(j) (and n (1) , n (j) are statistically Independent 

II q q 
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Figure D-1 ILLUSTRATION OF MODEL WHICH GENERATES NOISY DISCRIMINANT COMPONENT 



(equivalent additive noise) 









for all values of i, j such that i j . 


(4) the mean and variance of n_, n are 

1 q 


m_ ■ m ■ o 

I q 



The last assumption Is that all signal processor quantization effects are Ignored. 


D.2 NOISE MODEL DERIVATION 

D.2.1 Derivation of Mean and Variance at PDI Output 

We begin the derivation by calculating the output of the magnitude- 
squared detector when the sequence of equation (D.l) Is applied at the Input. 
The resulting output Is given by the expression, 

X(n) - jv(n)|^ - Vj^(n) + v^^(n) 

- (S_^ + 2S_ n_ + n^^) + + S n +n 

I III q qqq 

- (S_^ + s ^) + (2S-n_ + 2S n + n_^ + n 

I q^'II qq I q 

Computing the mean of X(n) , we hav^e 


X(n) 




+ 2S^n_ + 2S n 
I I q q 



where the bar over a quantity means to compute the expected value of the quantity. 
Using the assumptions given in section D.l, this expression reduces to 


(D.2) X(n) - S ^ + S ^ + 20 ^ - I s|^ + 20 ^ 

I q o I I o 

Calculation of the variance of X(n) is straight-forward, but quite tedious, to 
perform. Therefore we will only provide the result of that computation: 
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(D.3) 


var X(n) ■ 4o ^ |s(n)|^ +4o ^ 
o o 


The next step Is to calculate the PDI output signal and its associated 
mean and variance. Assuming the PDI ratio is N, the output signal has the form 


N 


(D.4) 


y(n) 


ExCn) 


n»l 


The mean of y(n) is computed from 


or, defining 


(D.5) 


N N 

y(n) - 2 X(n) - S ls(n)I^ + 2Na ^ 

n“l n*l 


N 


S(n)l 


^ X) |S(n)|^, we have 
n"l 


TTa) - NlS(n)r + 2 No 


Calculation of the variance of y(n) is based upon the following fact ^Ich 

is stated without proof. (The proof is straight-forward, but quite messy.) 

Since it was assumed that n_(l), nTCj*) (and n (i) , n (J)) are statistically 

II q q 

independent for all 1, J such that 1 j , it can be shown that (x(i), x(J) 
are uncorrelated (and satistlcally Independent) . Using this fact, and the 
well-known relation, 

var (x + y) - var x + var y 


where x and y are uncorrelated, one can easily write the expression for the 
variance of y(n) as 
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(D.6) 


var 


N 

y ■ 

n-l 

2 4 

- 4N0 Sl + 4N0 
o'' o 


We can define the new random variable 



which has the mean and variance 



varZ ” vary . 

PDI can be expressed 
sample from the random 
(D.8) and the pdf. 


follows. Define the 




Thus, from equation (D.7), it is seen that the output of the 

as the sum of the noise-free target response (n| s| and a 

variable z which has the mean and variance given in equation 

P , which is derived in the next subsection. 
z* 

r.2.2 Derivation of the PDF for Z 

The pdf for the random variable Z can be derived as 
random variable 
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where Che are continuous, mean zero, and sCaClstlcally Indapendenc. When 


N is reasonably large (we noce Chat N 2; 10 for passive Cracking nodes) , Che pdf 


for w approaches a normal distribuCion of Che form 


(D.IO) 


P (w) 
if 


_JL_ ) 


wharc ctatral limit thaoram m • Mow, from 

equacion (D.9), we have Chat 


Z - ViTw + 2N o ^ 


and Chus the pdf for Z is normal with mean and variance 


(D.ll) 


Z w + 2No ^ - 2No ^ 


var Z ^ N var w ■ var y 


as shown in section D.2.1. 


D.3 PRACTICAL ASPECTS OF -MODEL IMPLEMENTAVION 


Given Che value of S ^ , the PDI output can be generated using the model 


of the previous section as follows: 


(D.12) y-N| S^l + 2N 0^^ + 2 ^ | S| +ljN(0,] 


where N(0,1) denotes a sample from a normally distributed population with zero 


mean and unit variance. It is important to point out Chat, although the probablliC]; 


is very small, in some instances the resulting value of y obtained from equation 


(D.12) can be negative. This result is totally unaccpetable since it does not 


in practice and it will cause the log conversion process to become undefined. 
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Therefore, Co prevent this slcuatlon, we make our final approximation: we 
simply set y equal to Che absolute value of the quantity on the right hand 
side of equation (D.12). 


It is also noted that since the discriminant formation process computes 

Che ratio of the noisy discriminant components, any scale factors that are common 

to both components can be ignored. We chose to Ignore the factor, 2N^T~o 
' o 

Combining this fact with the absolute value approximation explained above. 

. equation (D.12) becomes 


(D.13) 





I 

\ 


I 

1 
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APPiCNDIX E 


CROSS SECTION CALCULATION NOTES 


Fcnfurps 1-3 


0 ■ 291 oL^ ■ 2.6m^ 


-L 

Features 4-6 


0 - 291 aL^ - 61m^ 


Feature 7 


J- 

Features 8-10 


0 - 291 aL^ - 25. 7a^ 


■ ^ "'A 
X2 


26934 A 


A *0.210 


2 2 
® I * SOOOm - Limit to 1000m 


Features 11-12 


A ■ (.24m) xff* 

2 2 
q ^ ■ SOOOm - Limit to 1000m 


Features 13-26 


Take D ■ .5m 


£/D - .5 


Malttlobe (13) 

y . - 


66450^ - 3322 m2 


Reflector (20) 
a I 


2 4 

.7BSU cos Q " .2 COM 


Take cos 0 «• 1 
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FonUiro J4 


a " .24 
L ■ 4m 

Oj^- 291 aL^ - 1117m2 
Features 15-25 

2 

0 ■ 4wA/A (See text) 


Features 27-32 


a ■ .Im 

2 2 
0 ■ »a ■ .03 a 

Features 33,34 


a^ ■ .315a 
c 

9 - 23.6® 
o 

o(0 <0 ) ■ Asa ^ 
o c 

5w a 


o(e>o ) 

O 




2 


1.25a^ 

- 0.17a^ 
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APPENDIX F 


A MODEL FOR CENTROID WANDER IN 
ROUGH SURFACE M(N)ELS 


Tht artaa modalad as r?ugh surfacas can bs cxpactad Co txptrlanca 
wander of the apparent cencer. We cake che mean posicion co be *k in 

Table 4-1 and add a vector v chat reflects the wander. Consider features 35, 
perpendicular to che X‘-axis, .7 x .7 m in extent. Then we cake v in che yz 
plane with y and z components to be random variables with 


y ■ z • o 
E yz ■ o 



D - Area dimension « .7m 
N^ • No. of frequencies averaged 
• 5 


The vector changes as the target aspect changes. We model this 

behavior as follows. Let v be che wander vector at the m th simulation update. 

Take v to be a first order Markov process (Ref. 26 P* 324) with uncorrelateo 
m 

components and with, for example, the z component given by 


z 


m+1 


z 

m 


w 

m 


where w is zero mean, uniform, of variance 
n 


® ^ - (1- o) ° ^ 

w z 


We now choose a 
One has 


to match Che correlation time of Che model to Chat of che target. 
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and taking the "correlation interval" as 


N. 


-1 
Ln a 

exp (-1/N^) 


This is the number of iterations for which the correlation P„ falls to 1/e. 

N 

Now consider the target 


t 



The target return becomes decorrelated every time its aspect changes enough to 

r 

cause another 2ir propagation phase change from one edge of the area to the 
other. This corresponds to half wavexength differential range: 

' Change In Ar ■ Change In D sin (|) “ "y 

j 

Let 0^ change by A0jj- Then 

A(Ar) * A0 ^ (AR) 

■ A0 D cos * y 

so that the angle change corresponding to decorrelation Is 

2D cos 0 


Let the change In one simulation update period be ; then the number of 
update cycles required for decorrelation is 




N 




Matching to then yields 


o ■ exp 


-2D S6 cos 6 

X X 
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APPENDIX G 


LISTING OF SIMULATION MODEL CCHPUTER CODE 


no o nono oooo o o oo o oooo o o nooo noon oonooi 


***«*•*•**«*****•*•**•••*«••*••***•*•*•***•*••••*•*••«•• 

* EXECUTIVE PR0<WAM: INTERFACE MITH PARENT SIMULATION * 

*4b*«««**«« «*««*******«******♦«« «*•♦«****************«**« 


SUBROUTINE EXEC 

COMMON /CNTU/IPMRtlMOOE. ITXPtlASM. IDUMCISI .OUMCOI 
COMMON /OUTPUT/MSMF.MTF.MSF,OUM(7> .IDUMEf 4> 

COMMON /ICNTL/IOLOPM*! QLOIO •IQUDSM*ISHOLD»KMSCLK*K«MUP»IOUMl ( 3> • 
2 MTP.IDUMSI 17) 

DATA OATINT/1.0/ 

KWMUPs I 


*«*«*4i«*«« ******«**«««**««•««*«**«•*««***« ******* 

* STEP o: INITIALIZE ALL TARGET AND SYSTEM DATA « 

************************* 4 *********************** 

IF(0AT1NT.NE«I«0) GO TO 1 
CALL DATA 
IOLDPW=IPWR 
DATINTsO.O 
I II = t 

IFdl.EQ*) ) GO TO 30 

*********************** *** 4 * 4 * 4 **«**« 

* STEP i: CHECK SYSTEM POWER SWITCH * 

* 4 ******* 4 *** 4 **** 4 *********** 4 ** 4 *** 

IFflPWR.GT.n GO TO 5 

IF POWER OFF INITIALIZE ALL SYSTEM FLAGS AND CLOCKS. 

KMSCLK=0 
CALL SYSINT 
RETURN 

IF POWER ON UPDATE MASTER CLOCK AND DETERMINE OPERATING MODE. 

5 KMSCLK^MSCLK+1 


** 4444 * 4 * 4 **** 44 ** 4 * 4 *** 4 ** 4 ******** 

* STEP 2: CHECK SYSTEM MODE SWITCH * 

** 4 * 44 * 4 ***** 444 « 44 « 4 ***** 4 ********* 

IFtIMOOE.LT.3> GO TO 7 

IF SYSTEM IN COMMI IMOOE=3 ) INITIALIZE ALL SYSTEM FLAGS. 

CALL SYSINT 
RETURN 

IF SYSTEM IN RADAR MODE CfCCK FOR CHANGE IN MODE CI.E. ACTIVE-TO 

-PASSIVE OR PASSIVE-TO-ACTIVE). 

7 IFdMOOE.EO. lOLDMO) GO TO 1 0 

IF RADAR MODE CHANGE RESET SYSTEM TO SEARCH. 

CALL SYSINT 

UPDATE STATUS OF lOLOMO. 

10 IOLOMO=IMOOE 

* 44 * ****** * 4 ****** ** 4 ** 44 * 4 * 4 * 4 4 * 4 4 * 4 *** 4 * 4*4 

* STEP 3t DETERMINE WHETHER SYSTEM IN STANDBY * 

* 4 ******** * 4 4 * ****** 4 * 4 * 4 * 444 * 4 *** 4 ******* * 4 * 

IFf IPWR.GT.2) GO TO 15 

CALL SYSINT 

RETURN 

** 4 ***** 44 **** 4 ***** 4 ****** 4 *** 4 ** 4 ************ 44 * 

* step a: DETERMINE WHETHER WARMUP PERIOD EXCEEDED * 

«* * 4 ****** * 4 ** 44 * 44 ** 4 ** 4 ****** 4 * 4 4 * 4 * * 4 * 444 ***** 

IS IFIKMSCLK.GT. KWMUP) GO TO 20 

IF NOT EXCEEDED INITIALIZE ALL SYSTEM FLAGS AND RETURN. 

CALL SYSINT 
RETURN 

IF EXCEHIEO CONTINUE SYSTEM OPERATING MODE DETERMINATION. 


okk;wal page is 

OF P(M)R QUALITY 


00002 940 
000029SO 
00002900 
00002970 
00002980 
00002990 
00003000 
00003010 
00003020 
00003030 
00003040 
00003050 
00003060 
000 03070 
00003080 
00003090 
00003100 
00003110 
00003120 
00003 130 
00003140 
00003 ISO 
00003160 
00003170 
00003180 
00003190 
00003200 
00003210 
00003220 
00003230 
00003240 
00003250 
00003260 
00003270 
00003280 
00003290 
00003300 
00003310 
00003320 
00003330 
00003340 
00003350 
00003360 
00003370 
00003380 
00003390 
00003400 
00003410 
00003420 
00003430 
00003440 
00003450 
00003460 
00003470 
00003480 
00003490 
00003S00 
00003510 
00003520 
00003530 
00003540 
00003SSO 
00003560 
00003570 
00003580 
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nonononon 


• • 


c 

c 

c 

c 


c 

c 

c 

c 

c 


c 

c 

c 

c 


c 

c 

c 

c 


c 

c 

c 

c 


c 

c 

c 

c 


******•**•***•**•*«*«**•**«•***•*•*****«••*«*••*••«••*••«•««« 

* STEP 5: DETERMINE IF THERE HAS BEEN AN ANTENNA STEERING MODE * 

* CHANGE • 

**«•********««*************«*•***♦«•**** *«****•****♦*«••*•*•* 

20 IFriASM.EQ.10L0SM) SO TO 25 

IF CHANGE HAS OCCURRED RESET ALU FLAGS AND GO TO NEW MODE* 

CALL SYSINT 
25 tOLDSM*IASM 

*•*«*«««**««****•**• A***** ***«***•***«*•** ***«*•*•***•**««*•** 

A STEP s: DETERMINE WHETHER SYSTEM IS IN SEARCH AND ACQUISITION A 
A OR TRACK MODE* A 

AAAAAAAAAAAAAAAAAAAAAAAAAA AAAAA AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 

IFrMTF.EQ> I .OR.MTP.EQ. 1} GO TO 30 

IF TRACK FLAG DOWN GO TO SEARCH MODE. 

CALL SEARCH 
RETURN 

IF TR/CK FLAG IS UP GO TO TRACK MODE. 

30 CALL TRACK 
RETURN 
FNO 

AAAAAAAAAA AAAA AAAAA AAAAAAA AAAAA AAA AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 

A THIS SUBROUTINE RESETS T»C SYSTEM UNDER THE FOLLOWING CONDITIONS A 
A (I) BREAK-TRACK (TO SEARCH). (2) PASSIVE/ACTIVE MODE CHANGE (TO A 
A SEARCH), AND (3) SYSTEM IN STANDBY (TO IDLE). A 

AAAAAAAAAAAAAAAAAAAAAAAAAA AAA AAAAA AAAAAAAA AAAAAAAAAAAAAAAAAAAAAAAAAA 

SUBROUTINE SYSINT 

COMMON /CNTL/IPWR.IM0DE.ITXP.IASM.IDUMC(5) .OUHd(3) 

COMMON /OUTPUT/MSWF.HTF.MSF.SRNG.SROOT.SPANG.SRANG.SPRTE.SRRTE. 

2 SSRS.MADVF.MRDVF.MARDVF.MRRDVF 

COMMON /ICNTL/I OLOPW. I O.DMO • lOLOSM.ISHOLD, KMSCLK.KWMUP .KSNCLK. 

2 KSNMAX.KACCLK.MTP.MZI .MZO .MSS .MTKINT.MRNG .MSAM.MPRF 

3 MBKTRK.MBTSUM. MBT(8) 

COMMON /ATOAT/DUMKA) .ALRATE.BTRATE.0UM2(2) .AL.BT.PREF.RREF 

AA AAAAA AAA AAAAAAAA A A AAAAAA AAA AAAAA AAAAAAAAAAAAAAAA A 

A STEP i: INITIALIZE' ALL INTERNAL FLAGS AND CONTROLS A 
AAAAAAAAAAAAAAAAAAAAAAAAAA AAA AA.AAAAAAAAA A AAA AAA AAA A A 

lOLDMDsIMOOE 

lOLOSM^IASM 

ISHOLDsO 

MTP=0 

MZ1»0 

M20=0 

MSS=0 

MTKINTaO 

AAAAAAAAAAAAAAAAAAAAAAAAAA AAAAA AAA AAA AAA 

A STEP 2: INITIALIZE ALU INTERNAL CLOCKS * 

AAAAAAAAAAAAAAAAAAAAAAAAAA AAAAA AAA AAAAA A 

KACCLKsO 
KSNCLK aO 

AAAAAAAAAAAAAAAAAAAAAAAAAA AAA AAAAA AAAA 

A STEP 3: INITIALIZE ALL DISPLAY FLAGS A 

AAAAAAAAAAAAAAAAAAAAAAAAAA AAAAA AAA AAAA 

MSWF=0 

MSF=0 

MTF=0 

MADVF=0 

MRDVFxC 

MRRDVf- =0 

MARDVFxO 

AAAAAAAAAAAAAAAAAAAAAAAAAA AAA AA AAAAAAAA 

A step a: INITIALIZE ALU DISPLAY METERS A 

AA AAAAAAAA AvAA AAAA A A AAA AAA AAAAA AAAAAAAA 

SRNGaO .0 
SROOT=0..0 
SPRTE = 0_ 0 


00003MO 
OOOOSOOO 
00003610 
00003620 
00003630 
00003640 
00003 6S0 
00003660 
00003670 
000036B0 
00003690 
00003700 
00003710 
00003720 
00003730 
00003740 
00003750 
00003760 
00003770 
000037BO 
00003790 
00003600 
00003610 
00009620 
00003630 
00003640 
000038SO 
00003660 
00003870 
00003860 
00003890 
00003900 
00003910 
00003920 
00003930 
.00003940 
00009950 
00003960 
00003970 
00003960 
00003990 
00004000 
00004010 
00004020 
00004030 
00004040 
00004050 
00004060 
00004 070 
00004060 
00004090 
00004 lOO 
00004110 
00004120 
00004130 
00004140 
00004150 
00004 160 
00004170 
00004180 
00004190 
00004200 
00004210 
00004220 
00004230 
00004240 
OOOOA2SO 
00004260 
00004270 
00004280 
OOOOA290 
000 04 300 
00004390 
00004 320 


I 

I 


I 


I 


266 
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c 

c 

c 

c 


c 

c 

c 

c 


SRRTE«0.0 

SRSS«0.0 

«««•* «*«*«««** ************ ***************** 

* STEP S: INITIALIZE GIMBAL POINTING LOOP * 

mm m*m***m**mm* ***************** ************ 

PII«3. 14159265/180* 

ALRATEaO.O 

BTRATE=0.0 

lEdPWR.NE .l.AND.KMSCLK.NE. 1) GO TO 5 

step 5-1 : IF SYSTEM POWER OFF THEN ALIGN BORESIGHT WITH ZENITH. 

PREFsO .0 
RREFsO .0 
ALaO.O 
3T=0.0 
SPANGsO.O 
SRANGsO.O 
I OLDPWaIPWR 
RETURN 

5 IFdPWR.GT.Z) GO TO IS 

STEP 5-2; IF SYSTEM IN STA^€>BY THEN HOLD GIMBALS AT POSITION WHEN 
STANDBY ENTERED AND ZERO DISPLAYS. 

IF(IOLDPW.EQ.IPWR) GO TO 10 
PREF*P1I*SPANG 
RREFaPIl*SRANG 
10 SPANGaO.O 
SRANGaO.O 
lOLDPW-IPWR 
RETURN 

STEP 5-3t PREPARE GIMBAL LOOP FOR ENTRY INTO ANY OF SEARCH MOOES. 

15 PREFaPII*SPANG 
RREFaPlI*SRANG 
1 OLDPWaIPWR 
RETURN 
END 

*«*«****** *«***• «****«4 *** ***m******************************* 

* THIS SUBROUTINE COMPUTES THE RESPONSE TO ALL DISPLAYS AND * 

* CONTROLS WHEN THE RADAR IS IN ANY OF T^C SEARCH MODES. * 

**«*«*«****>»* *4****** ******* ******f **************** 

SUBROUTINE SEARCH 

COMMON /CNTL/IDUM (3 ) . I ASM.I SRCHC. I SRCHG. I AZS. lELS. ISLR .EDRNG. 

2 EOPA.EDRA 

COKWWJN /OUTPUT/MSWF .MTF.MSF. SRNG. SRD OT .SPANG • SR ANG .SPR TE . 

2 SRRTE.SRSS.IDUM2(4) 

COMMON /ICNTL/IOLDPW. lOLOMD.ICL DSM* ISHOLO.KMSCLK .KWMUP .KSNCLK . 

2 KSNMAX.KACCLK.MTP.MZ1 .MZO .MSS.MTK INT.MRNG .MSAM.MPRF 

3 IDUMl(lO) 

COMMON /SYSOAT/TS.DUMSdA) 

COMMON /ATOAT/OUM2dO) .PREF .RREF.DUMAC 21 
DIMENSION SLWRTEfZ) 

DATA SLWRTE/6.9814E-3.3.4907E-1/ 

«4**«*«*4«**4* *««««*««««** «««**«*««« 

* DETERMINE ANTENNA STEERING MODE. * 

******************************* ***** 

GO TO (10.20.30.4O1.IASM 


00004330 
00004340 
00004 3S0 
00004360 
O0OO43T0 
00004 3BO 
00004390 
00004400 
00004410 
00004420 
00004430 
00004440 
000044SO 
00004460 
00004470 
00004480 
00004490 
00004600 
00004510 
00004620 
00004530 
00004640 
00004650 
00004660 
00004570 
00004500 
00004590 
00004600 
00004610 
00004620 
00004630 
00004640 
00004650 
00004660 
00004670 
00004680 
00004690 
00004 700 
00004710 
00004720 
00004 730 
000 04740 
000 04750 
00004 760 
00004770 
00004780 
00004790 
00004800 
00004810 
00004820 
000 04830 
000 04840 
.00004860 
00004860 
00004070 
00004880 
00004090 
00004900 
00004910 
00004920 
00004930 
00004940 
00004950 
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0m*m***mm****m********m*mm ********************************** 

* STEP i: DETERMINE WHETHER SEQUENCING THRU POINT OR SCAN * 

***«***4>*4> «*«***•***••«*•***«**•******«* ******************* 

10 IF(MSF.EQ. I) GO TO 14 

IFCMZl .EQ> l»ANO.XSRCHG*EQ.l } GO TO 14 

********** *****««***4i***«««**«*******44**««* 

* STEP 2: PERFORM GIMBAL POINTING SEQUENCE * 

««««*****«**«***««****«*** *«*«* 44 ***** 4 ** 4 ** 


STEP 2-1 : lA»OATE ROUL/PITCH REFERENCES 

tF(tSHOLO.EQ*l»AND* ISRCHG*EQ*1) GO TO 
RREF-EORA 
PREF*E0PA 
12 ISHOLOsISRCHG 


12 


STEP 2-2: UPDATE 
CAUL. POINT 


POSITION OF GIMBALS. 


00004960 

00004970 

«**«****«******««*«**4i«********«*9*«44**4t«*******«***««*****4**44 4* 4*00004 960 
*4 4* 444* 4* 44 4*44 GPC-ACQ SEARCH AND ACQUISITION MODE. 444444444444».~ 00004990 
44444444444444444444444444444444444444444444444444444444444444444444400000000 

OOOOSOlO 
00006020 
0000S030 
00006040 
00005060 
00006060 
00006070 
00006000 
00005090 
00006100 
00006110 
00005120 
00006130 
00006140 
00005X60 
00006160 
00006170 
00005180 
00006190 
00005200 
000062X0 
00005220 
00006230 

00006240 
00006260 
00005260 
00006270 
00006260 
00006290 
00006300 
00006310 
00006320 
00006330 
00006340 
00006360 
00006360 
00006370 
00006360 
00006390 
00006400 
00005410 

44 44444444 444444444444444444444 444 44444444444444444444444444 44444 44 4400005420 
4444444444444444 GPC-OES SEARCH AND ACQUISITION MODE 444444444444444400006430 
44444444444444444444444444444444444444444444444444444444444444444444400005460 


STEP 2-3: 


IF 


DETERMINE WHETHER BORESIGHT 
TAKE APPROPRIATE ACTION. 

CALL ZONECK 

NOT IN ZONE O. THEN OETKTION IS NOT 
IFfMZO.EO.0} RETURN 


IN ZONE I ANO/OR ZONE O AND 


ALLOWED. 


4444444444444444444444444444444444444444444444444444444 

4 STEP 3: CHECK FOR TARGET DETECTION IF IN ZONE 0 4 

4444444444444444444444444444444444444444444444444444444 

CALL DETECT 
RETURN 

444444444444444444444444444444444 
4 STEP 4: PERFORM SCAN SEQUENCE 4 
4444444444444444444444444444444 44 

14 CALL SCAN 
RETURN 


44444444444444444444444444444444444444444444 
4 STEPl : PERFORM GIMBAL POINTING SEQUENCE 4 

44444444444444444444444444444444444444444444 

STEP I-i: UPDATE ROLL/PITCH REFERENCE ANGLES. 

20 PREF«EOPA 
RREFsEDRA 

STEP 1-2: IPOATE POSITION OF GIMBALS. 

CALL POINT 

STEP Z-3: DETERMINE WHETHER BORESIGHT IN ZONE 1 AND/OR ZONE O AND 
TAKE APPROPRIATE ACTIN. 

CALL ZCNECK 

IF BORESIGHT NOT IN ZONE O. THEN TARGET DETECTION NOT ALLOWED. 
IF(MZO.EO.O> P TURN 

44444444444444444444444444444444444444444444444444444444 
4 STEP 2: CHECK FOR TARGET DETECTION IF IN ZONE 0. 4 

44444444444444444444444444444444444444444444444444444444 

CALL DETECT ' 

RETURN 


00005460 

00006460 

00006470 

00006480 

00006490 

00005500 

00006610 

00006520 

00005530 

00006640 

00006660 

00006660 

00005570 

00005660 

00005990 

00006600 

00006610 

00006620 

00005630 

00005640 

00006660 

00006660 

00008670 

00006660 
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0000S690 
00006700 

••••••••••••••••••••••••*• •**••**•***« ***«***«*4i**««*«*««*«***«**«««*0 00 08710 

•••*••••*••••*•**• AUTO SEARCH AND ACQUISITION MODE ••••**••*••*****•00005720 

*•**•*****•*•••*••••*•*•**•**•* A******************* •••••••••••••••• **00005730 

00005740 
00005750 

*• **•******•**•*••**•••**••**•*•••«•••*•**••**••••* **•*«••• 00005750 

* STEP i: DETERMINE WHETHER SEQUENCING THRU POINT OR SCAN • 00006770 

••••**••***•«•••••***••••*•*••*•*•*••••••••*•••*••••••••••* 00005750 

30 IF( ISRCHC.EO. 1 ) 60 TO 32 00005790 

00005500 

•••••••••••••••A**************************** 00005010 

* STEP 2: PERFORM GIMBAI. POINTING SEQUENCE • 00005520 

****«««******««*«*««******•**•***«********** 00005530 

00005540 

STEP 2-1 : IJ>DATE ROLL/PITCH REFBIENCE ANGLES. 00005850 

PREF*PREF-^FLOAT( lELS >« SLWRTEt ISLR^l )*TS 00005560 

RREF>R REF-f FLOAT ( I AZS ) * SLWRT E ( I SLR4- t)*TS 00005070 

00005550 

STEP 2-2; UPDATE POSITION OF GIMBALS. 00005590 

CALL POINT 00005900 

00005910 

STEP 2-3: DETERMINE SLEW RATE AND TAKE APPROPRIATE ACTION. 00005920 

IF SLEW RATE IS GREATER THAN 0.4 DEG/SEC. THEN TARGET DET-G0005930 
IF( ISLR.GT.O) RETURN 00005940 

00005950 

*•***•••*« A*************** *•***•**«••*•*•*•••**•••*•*••*••••*•*• 00006960 

* STEP 3: CHECK FOR TARGET DETECTION IF SLEW RATE <0.4 DEG • 00005970 

* PER SECOND. * 00005980 

«•*•••*•*••*•••••*•**••***••*•**•*•••*******••••*•*•*•••*•••••*• 00006990 

CALL detect 00006000 

RETURN 00006010 

00006020 

*•*•**••««•**••••*••••****«*••*•• 00006030 

* STEP 4: PERFORM SCAN SEQUENCE * 00006040 

*****•******•«*«••«**••••«•*••••* 00006050 

32 CALL SCAN 00006060 

RETURN 00006070 

00006080 
00006090 

*••**•**•*•*•* *•*•*«****•• ••«•« ***«*««««*«**««*«•**•*•*****«***•*«* **00006 100 
•••*••«••« •**•••• MANUAL SEARCH AND ACQUISITION MODE ****************00006 1 1 0 
********** ********************************************************* **00006 120 

00006130 
00006140 

*********************************** 00006150 

* STEP i: UPDATE ANTENNA POSITION * 00006160 

*********************************** 00006170 

00006180 

STEP 1-1 : UPDATE ROLL/PITCH REFERENCE ANGLES. 00006190 

40 PREF*PREF*-FLOAT( IELS»*SLWRTEf ISLR*1»*TS 00006200 

R{tEF>RREF* FLOAT! IAZS)*SLWRTEI ISLR*1 )*TS 00006210 

00006220 

STEP 1-2: UPDATE POSITION OF GIMBALS. 00006230 

CALL POINT 00006240 

00006250 

STEP 1-3: DETERMINE SLEW RATE AND TAKE APPROPRIATE ACTION. 00006260 

IF SLEW RATE IS GREATER THAN 0.4 DEG/SEC. THEN TARGET DET-00006270 

ECTION IS NOT ALLOtCO. 00006280 

IF ( ISLR.GT.O) RETURN 0000629'* 

C 00006300 

C ********** ****************************************************** 00006310 

C * STEP 2: CHECK FOR TARGET DETECTION IF SLEW RATE <0.4 DEG * 00006320 

C * PER SECOND. * 00006330 

C ******************************************************** ******** 00006340 

CALL DETECT 000063F^O 

RETURN 00006360 

END 00006370 

n Pa . 

A1 }■ ■ ' 

I 


269 


rtonooo nnn nononoo nonno no nnnoon on no nnnnnn nonnonnn 


* IHIS SUBROUTINE PERFORMS THE TARGET DETECTION FUNCTION FOR ACTIVE 
« AND PASSIVE MODES AND ALL ANTENNA STEERING MODES* 

*«t««*4>****** **«**•*«* ***4i **»•«*«««««*«««**««*««*«* A**************** 

subroutine DETECT 

COMMOl /CNTL/IPWR.I MOD E* I TXP • I ASM . I DUMC C 5 1 *EDRNG *OUMC ( 2 ) 

COMMON /tCNTL/10UM2(9)«MTP. IDUM3(17) 

COMMON /SYSOAT/OUMai 12 > . TGTSIG .GPS.GAS 

COMMON /TGTi>AT/NT*DUM3(SOO) *R0 (3) *R0U( 3> .CGRNGE .CGVEL 
COMMCV4 /DETOAT/^STGMA.CGANG 

***«*********•»*«****•*****•*•««*****«***•*••** 

« STEP i: COMPUTE TARGET PARAMETERS «RT RADAR A 

«*** A «*«* A ****** ****«***«* «**«****« **•«**« 

STEP :~i: TRANSFORM TARGET C.G. POSITION AND VELOCITY TO LOS FRAME. 
CALL TRNSFM 
CALL PVTRAN 

STEP 1-2: COMPUTE TARGET C.G. ANGLE OFF-BORESIGHT (NON-SCANNING). 
CGANGcACOS (ROU( 3) ) 

STEP 1-3: DETERMINE TARGET CROSS-SECTION. 

SIGMA ^TGTSIG 

**************************************************** 

* STEP 2: PRELIMINARY DETECTION MODE DETERMINATION * 
************************* •«**«* ****«**************** 

STEP 2-1 : DETERMINE WHETHER ACTIVE OR PASSIVE. 

IFCIMOOE.EO. 1 ) GO TO S 

STEP 2-2: GPC MODES OR AUTQ/MANUAL MODEST 
IFCIASM.GE.3) GO TO 10 
60 TO IS 

***************************************** 

* STEP 3: ACTIVE MODE DETECTION PROCESS * 

****************** ******** *************** 

5 CALL S INGLE 
RETURN 

****************************************************** 

* STEP *: PASSIVE AUTO/MANUAL MODE DETECTION PROCESS * 

****************************************************** 


STEP A-1 : CHECK SHORT RANGE FIRST 
MODEL. 

10 CALL SINGLE 


CALL SINGLE-HIT DETECTION 


STEP 4-2: CHECK FOR SUCCESS IN SINGLE-HIT DETECTION 
CESSFUL. THEN TRY LONG RANGE SEARCH. 
IF(MTP.EO.O) CALL CFAR 
RETURN 

************************** ********************* 

* STEP s: PASSIVE GPC MODES DETECTION PROCESS * 


STEP 5-1 : CHECK DESIGNATED RANGE. 
IS 1F(EDRNG.GT.2552. ) GO TO 20 


IF not sue 


O00O63S0 
000 00390 
k*000 06400 
*00006410 
*00006420 
M 000 06430 
00006440 
000064SO 
00006460 
00006470 
00006400 
00006490 
00006500 
00006510 
00006520 
00006530 
00006540 
O00O6SSO 
00006560 
00006570 
00006580 
00006590 
00006600 
00006610 
00006620 
00006630 
00006660 
00006650 
00006660 
00006670 
00006680 
00006690 
00006700 
00006710 
00006720 
00006730 
00006740 
00006750 
00006760 
00006770 
00006780 
00006790 
00006800 
00006810 
00006S20 
00006830 
00006840 
000 06 ^0 
000 06860 
00006870 
00006880 
00006890 
00006900 
00006910 
00006920 
00006930 
00006940 
00006950 
00006960 
00006970 
00006980 
00006990 
00007000 
00007010 
00007020 
00007030 


1 


c 

c 

c 


c 

c 


c 

c 

c 

c 

c 

c 

c 


STEP 5-2: 


IF DESIGNATED RANGE < 0.42 NM USE SINGCE-HIT 

DETECTION MQDB.* 

CAU. SINGLE 
RETURN 

STEP 5-3: IF DESI04ATED RANGE > 0.42 NM - 
20 CALL CFAR 
RETURN 
END 


«*«**««** 4 *» 4 **«**«««**** 4 «* 44 *«** 4 ***** 4 * 4 * 4**«****4 

* IHIS SUBROUTINE CONTAINS SINGLE-NIT DETECTION MODEL * 

***«***•**«•*«*•««*•*•* 4*««4«***4**«***4 ***•*••*•«*«*** 

SUBROUTINE SINGLE 
OIMENSICm P(4I ) 

COMMON /CN-IL/IPWR.IMOOEtlTXP.IASM.lDUMtSltOUMCtS) 

COMMON yOUTPUT/MSWF ,MTF.M SF .OUM (7).I0UM1(4) 

COMMON /ICNTL/IDUM2(8) .KAOCUC.MTP.IDUMSISIvMSAM.IDUMAdl ) 
COMMON /TGTOAT/NT.OUMl (500) .ROOI.ROUI 3) •CGRNGEaOGVEL 
COMMON /DETDAT/SIGMAtCGANG 
DATA NSRCH/I05/ 


00007040 
00007000 
00007000 
00007070 
00007000 
00007000 

USE CFAR DETECTION MODEL.OOO 07100 

00007110 
00007 ISO 
00007130 
00007140 
00007ISO 
00007140 
00007170 
000071BO 
00007100 
00007200 
00007210 
00007220 
00007230 
00007240 
000072SO 
00007240 
00007270 
00007240 


C 

c 

c 

c 

c 

c 


c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 


DATA p/6*0.0..00t».003.24.004«.00a».012*.015».043».0s3».074*.107,00007200 
•147*. 193. .244.. 312. •353**444«. 514 ••S90».644*«706».76S*.ai5». 041 .00007300 


.aa2..91B. .937..955..966..976..9S0..9a9..991..997..994/ 


*4 ***«**«*•****•«••**•* *******«********4*****4******** 

* STEP i: COMPUTE NOMINAL SNR AT VIDEO FILTER OUTPUT * 

4 * **** 4 *** **************** * 44 ** ****««*«* ****•••*•*«**• 

srs> 1-1 : SET SAMPLE RATE TO OBTAIN CORRECT NOISE B« IN SNRV COMP. 
MSAM«1 

IF (IMQOE.EQ.n MSAMa2 

STEP 1-2: COMPUTE NOMINAL SNRV. 

SNRsSN RV ( S I GMA . C GRNGE ) 

44 44444444 4 * 44 444444444444 « 44«4 44444444444 44 4444444444 

* STEP 2: IF NOT SCANNING ADD BEAMSHAPE LOSS TO SNRV * 

4 ******** 4 *** 4 ***** 4 ** 4 * 4 ********** 4 **** 4***********44 

STEP 2-1 : CHECK SCAN FLAG. 

IF(MSF.Ea.l) GO TO 1 


STEP 2-2: 


COMPUTE BEAMSHAPE LOSS BASED UPON C.G. POSITION 

OFF BORESIGHT. 

BETA2>SPAT (CGANG ) 4*2 


step 2-3: 


ADD BEAMSHAPE LOSS TO NOMINALV. 
SNRV . 

SNR«SNR*BETA2 


I.E. COMPUTE ACTUAL SNR 


*** 4 *** 4 *************** 4 ************ 4 * 4 ******** 4 *** 4 ** 4 *** 4 * ****** 

* STEP 3: DETERMINE PROBABILITY OF DETECTION. PO. BASED UPON SNR * 

* 4 * 4 ** 444 * * 444 *** 44 ******* * 4 ** 4 ** 4 * 4 * 4 4 * 4 * *** 4 ** 44 * 4 ** 4********444 

STEP 3-1 : DETERMINE INDEX TO ACCESS APPROPRIATE PO VERSUS SNR 
CURVE. 

1 IF(IM00E.EQ.2) go to 5 
NCRV.l 


00007310 
00007320 
00007330 
00007340 
00007 3S0 
00007360 
00007370 
000073B0 
00007390 
00007400 
00007410 
00007420 
00007430 
00007440 
00007450 
00007460 
00007470 
00007400 
00007490 
00007500 
00007510 
00007520 
00007530 
00007540 
00007550 
00007560 
00007570 
00007500 
00007590 
00007600 
00007610 
00007620 
00007630 
00007640 
00007660 
00007660 


i 
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CO TO IS 

S IF(tASM.LT.3) CO TO 10 
NCRV«3 
GO TO IS 
to NCRVbS 

ADJUST INDEX FOR SCANNING. 
IS NCRVbNCRV^MSF 


STEP 3-2t CONVERT SNRV TO OB. 

1F(SNR.LT. l.E-OS) GO TO 20 
SNR«10.*At.OClO( SNR ) 

GO TO 25 
20 SNR*->100. 

STEP 3-3: SNR OUTSIOC (-30 OB. 0 OB) ‘.NTERVALT IF SO. SET 

OUTCOME APPROPR I ATELV AND SKIP REMAINING STEPS. 

IF SNR < -2S OB then SET P0>0.0 (DECLARE A MISS). 

2S IF(SNR.LT.-25. ) 60 TO 30 

IF SNR > -S OB THEN SET PQbI.O (DECLARE A HIT). 

IF(SNR.CT.-S.O) GO TO 3S 

STEP 3-.: COMPUTE INDEX FOR LOOKUP TABLE AND FACTORS FOR LINEAR 
INTERPOLATION. 

SCALE* (SNR 4-25. ) *2.41 .000001 
I SNR* I NT (SCALE) 

REMAIN*SCALE-FLCAT( ISNR) 

STEP 3-S: determine PO using table AND LINEAR (IN OB) INTERPOLATION. 
PROB-T* ( I SN R > 4REMA 1N*( P (1 SNR 4 1 ) -P ( 1 SNR ) ) 

«•*****•****•*****•*«««***•«***•*•*•*•*«*•*****•*• 

* STEr> a: determine outcome of detection attempt * 

««•• (.««*** ********* ******* ************** **•«****•• 

X*RNOU(NSRCH) 

IF(X.LE.PROB) GO VO 35 

************************** «**•« *********** ********************** 

* STEP 5: SET CONTROLS BASED UPON OUTCOME OF DETECTION ATTEMPT * 

**************************************************************** 

STEP 5-1 : IF NO DETECTION SET TARGET PRESENT FLAG LOW. 

30 MTP*0 
RETURN 

STEP 5-2: IF DETECTION SUCCESSFUL SET TARGET PRESENT FLAG 

HIGH AND INITIALIZE ACQUISITION CLOCK. 

35 MTP*1 

KACCLKbO 


000076TO 
OOOOTABO 
00007090 
00007700 
00007710 
00007TEO 
00007730 
00007790 
00007750 
00007760 
00007770 
000 07TB 0 
00007790 
00007B00 
00007BI0 
00007B20 
00007B30 
00007BA0 
00007BS0 
00007B60 
00007B70 
00007000 
00007090 
00007900 
00007910 
00007920 
00007930 
000079A0 
000079SO 
00007960 
00007970 
000079B0 
00007990 
OOOOBOOO 
OOOOBOlO 
0000B020 
0000B030 
OOOOBOAO 
00006 050 
OOOOBOOO 
0000A070 
OOOOBOSO 
00006000 
000 00 too 
00006110 
000 OB 120 
00006130 
OOOOBIAO 
00006150 
OOOOB160 
OOOOB170 
OOOOSIBO 
000 OS 190 


RETURN 

END 


OOOOB2O0 

nOAOBSIO 
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ooowato 
oooostso 
000 MMO 
ooooaMO 
000 00 too 
00000 tro 

OOOOOMO 
OMOOtOO 
000 00300 
00000310 
00000300 
00000330 
0000030C 
00000300 
00000360 
00000370 


• THIS SUOROUTINC CONTAINS THB CFAR OSttCTION NOOtL • 

«*•****•**•«•* ***«*•*«•*** •••••**•••••••*• ••••*•**•*« 

SUOROUTINC CFAR 

CONNON /CNTL/IP«N«tN00etlTXP*IASN»I0UMCIS),e0RN6*(MMCCtl 
COMNON /0UTPUT/NS«F*MTF.NSP*0UMIC7).|DUMI(A) 

CONNON /tCNT1./I0lM2(8 > .KAaCLK.NTP* I0UN3( «l •MNNO.NSANvNPOF 
COMON /TCTDAT/NT.DUMSISOO} .OOf 3 1 .ROUf 3> tCCRNOe •CGVEL 
COMMON /0ETDAT/SIGMA.CGAN6 

OtMENSION RK6) «PW(6).»^(6) .FOOI.-rPRl (3 >*TS(2 >.R(At > 

DATA NRI»NSRCH/6»37/tC«AI.N>A4i^3*S.O*0700AS/’«RI/2882.»8772.» 

2 X ISAA. vESOOB. *43747. *57722. F.PW/0. 122. 4. tS.0.3 • I6.6.33.2 .66.4/* 

3 NP/1 *2.4. 8.X6.32/.FW/7 .7215.3. 3090.0.2969/ •TS/0.t22*2.07S/» 00000300 

4 TPRI/t43.S.334.7.373t. 1/ 00000390 

DATA P/640.0..00I ..003 *24 . 004*. 008.. 01 2. .015*. 043..083.. 076. .107 *00000400 

2 .147.. 193*. 244. . 312..363..444*. 814. .SOO*. 644*. 706..76S..0IS.. 061 *00000410 

3 .802.. 9t0*.937*<»9S5..966..976*. 980. .909..991*. 997**996/ 00000420 

PI«3. 14189368 00000430 

00000440 

T***************************************************************** 00000400 

* STEP i: SET INTERNAL CONTROLS OASED UPON SYSTEM OPERATING MODE • 00000460 

********4«i***«*«*4***4***4**4***44***«44««4«***4**«*4««******4*4** 00000470 

00000400 

STEP 1-1 : GPC MOOES OR AUT07MANUAL MODEST 00000490 

IF(IASM.GE.3> GO TO IS 00000800 

00000810 

STEP 1-2: SET INTERNAL CONTROLS FOR APPROPRIATE IMIDE. 00000820 

00000830 
00000840 
00008880 
00000860 
00000870 
00000800 
00000890 
00000600 
00000610 
00000620 
00000630 
00000640 
00000680 
00000660 
00008670 
00000680 
00000690 
00000700 
00000710 
00000720 
00000730 
00000740 
00000780 
00000760 
00000770 
00000700 
00000790 
OOOOOOOO 
OOOOOOlO 
00000020 
00000030 
00000340 


CONTROL settings FOR GPC MOOES. 

DETERMINE RANGE INTERVAL. 

DO 8 I«I.NRI 
MRNG«I 

IF(RI( D.CT.EORNG) GO TO 10 
8 CONTINUE 

SET SAMPLE RATE 
10 MSAM>2 

DETERMINE PRF 
MPRF«I 

IF(MRNC.GE.RI (61) MPRF«2 
GO TO 20 

CONTROL settings FOR AUTO/MANUAL MOOES. 

SET RANGE INTERVAL. 

IS MRNG>6 

SET SAMPLE RATE. 

MSAM*2 

SET PRP. 

MPRF»1 


« STEP 2: COMPOTE NOMINAL SNR AT VIDEO FILTER OUTPUT • 

*4*****«*« •*•*••*«««••••«* •****•••«••*•*•**«*••*••*•** 

20 S»Pt«SNRV(SICMA.CaRNGE) 
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«**•*««***•«*••*•**«*•«•••*«*•«•*•*••**•••••*••••*•*«• 

• STEP 3t tP NOT SCANNINS ADO BEAMSHAPC LOSS TO SNRV « 

»*****«****W* •••*••««•••«•*«•••«««**•«•«• ••*•••«*••** 

STEP 3-1 : CHECK SCAN PLAS. 

IPlNSP^Q.n CO TO 2S 

STEP 3-21 aattPXjTt BEAMSHAPE LOSS BASED UPON C.C. POSITION OPP 

aORESICHT* 

SSTA2«SPAT (CCANC > «*2 

STEP 3-3: ADO BEAMSHAPE LOSS TO NOMINAL SNRV. I.E. COMPUTE ACTUAL 

CMBw ^ 

SNR>SNR*8ETA2 

«**«««•••**•**•«*••*••*«*••**•• «••«•«•*•*«••*•***••*•***•***•*•••••* 

P STEP At COMPUTE NET PROCESSOR CAIN AND COMBINE WITH SNRV TO PORM A 

• SNRO • * 

*»«••««••«•**•««••••«•«•«•••*«# A** A«*A******»«A«****A******«****A«*« 

ST^ A-i: GOI»^UTE RANGE GATE LOSS (RGLI DIPPERS POR CPC AND 

AUTO/MANUAL MODES. 

COMPUTE equivalent RANGE OP XMl T PULSEWIOTH. 

25 CT02>C^WIMRNC)/2. 

OETERMt:« OPERATING MODE 
IPdASM.CE.3) CO TO 30 

COMPUTE RGL POR CPC MOOES. 

DEL>ABS(E0RNC-CGRNCE)/CT02 
tPIOEL.CE. l.S) RCL>0.0 

IPCDEL .CE.O.S.AND.OCL. LT. I.S> RGL ■.6666666* ( 1 .S-OBL I AA2 
IP (OEL.lt. 0.5) RCL« .6666666 
GO TO 35 

COMPUTE RGL POR AUTO/MANUAL MOOES 
30 0CL«ABS(CGRNCE)/CT02 
DEL I bO EL- 1 NT ( DEL ) 

IP(OEL .LE. 1.0) RGL>OEL*OEL 

tPCOEL.GT. 1.0. AND. DEL. LT. A. S. ANO.OEL I.LT .0 .5 ) 

2 RGL«( 1 .O-OELl )«*2 

1P(0EL.GT. l.O.AND.OEL.LT.A.S.ANO.OELI .GE.O.S) 

2 RGL«OELl*DELl 

STEP A-2: compute net PRESUM GAIN — SAME POR ALL PASSIVE ANTENNA 
STEERING MOOES. 

COMPUTE DOPPLER FREQUENCY ASSOCIATED WITH TARGET RAOIaL VELOCITY 
35 PD(P«-2.*CGVEL/ALMDA*1 .0E-06 

COMPUTE ARGUMENT ASSOCIATED WITH TARGET VELOCITY 
ARG-PI «P'OOP*TS( MSAM > 

COMPUTE NET PRESUM GC;IN 

PSG*SUM( AR6.NP( MRNG ) ) 

Step A-3t COMPUTE NET DOPPLER PILTcR GAIN SAME POR ALL PASSIVE 

JW4TENNA STEERING MOLES. 

COMHITE NUMBER OP OOPPLBl PILTER NEAREST TARGET. 

MPIL*MOD( INT(CGVEL/PW( M>RP) sv320.SI.32) 

COMPUTE ARGUMENT ASSOCIATED WITH TARGET DOPPl.ER 
ARG>^I *(PLOATCMPIL)/32 .♦POOPATtMI (MPRP )) 

COMPUTE NET DOPPLER PILTER GAIN 
DPGmSUM<ARG.16) 

STEP a-a: compute net processor gain.. 
npg>rgl*psg*dpg 


oooossso 

OOOOBB50 
0000B670 
OOOOBSSO 
OOOOBB90 
00008900 
00008910 
OOOOB980 
00008930 
00008940 
00008980 
00008980 
O00O89T0 
00008980 
00008990 
00009000 
00009010 
00009020 
00009030 
000090AO 
00009080 
00009060 
00009070 
00009080 
00009090 
00009100 
00009110 
00009120 
00009130 
000091AO 
00009150 
00009160 
00000170 
00009180 
00009190 
00009200 
00009210 
00009220 
00009230 
000 092AO 
000092SO 
00009250 
00009270 
000 09280 
00009290 
00009300 
00009310 
00009320 
00009330 
O00O93A0 
00009350 
00009360 
00009370 
000 09380 
00009390 
000 09 AO 0 
O00O9AI0 
00009A20 
00009A30 
O00O9AAO 
000O9AS0 
00009A60 
00009A70 
00009 A80 
00009A90 
00009500 
00009510 
00009S20 
00009530 
00009540 
00009860 
000 09 560 
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STEP 4-«t OOMPUre SNR AT DCPPLCR PILTCR OUTPUT 
SNRaSNRPh^G 

********** ****•« «••*•••••••••«••••••••*****• *«•«•**••*••••••* 

* STEP s: OCTERMINE PROBABtLITY OP DETECTI04 BASED UPON SNR • 

STEP S-i: DETERMINE INDEX TO ACCESS APPROPRIATE CURVE 
lPfIASN.CE .31 GO TO AO 
NCRval 
GO TO AS 

AO NCRV«3 

ADJUST INDEX POR SCANNING 

AS NCRVsNCRVAMSP 

STEP S-2: CONVERT SNR TO OB. 

IP(SNRa.E* t.OE-OSI CO TO SO 
SNR«t 0 .AALOCt 0( SNR ) 

GO TO 55 

SO SNRa-IOO. 

STEP 5-3: SNR OUTSIDE <0 OB* *ZO OB) INTERVAL? IP SO. SET 


00009B70 
OOOOBBBO 
OOOOBBBO 
00009600 
00009610 
00009620 
00000630 
000096AO 
000096BO 
00009660 
00009670 
00009600 
00009690 
00000700 
00009710 
00009720 
00009730 
00009 TAO 
000097S0 
00009760 
00009770 
000097BO 
00009790 
00009000 


OUTCOME APPROPRIATELV AND SKIP REMAINING STEPS. 

IP SNRD < 0. OB DECLARE A MISS. 

5S lPfSNR.LE.0.) CO TO 60 

IP SNRD > 20. OB DECLARE A MIT. 

IP(SNR.CT.20.) GO TO 65 

STEP S-A: OPIPUTC index POR LOOKUP TABLE AND PACTORS POR LINEAR 
INTEf^OLATION. 

SCALE- (SNR AO *)A2. ♦1.00 000 01 
I SNR -I NT (SCALE) 

RLMA IN -SCALE-PLOAT( ISN R ) 

STEP S-S: DETERMINE PO USING TABLE AND LINEAR (IN DB) INTERPOLATION. 
PR0B-P(ISNR)aREMAINA(P(ISNRA1 )-P( ISNR) ) 

♦AAAAAAAA-AAAAAAAAAAAAAAAA AAAA* AA«*AAA*A*A«*A*AA*A 

• STEP 6: OCTERMINE OUTCOME OP DETECTION ATTEMPT A 


X-RNOU(NSRCH) 

IP(X.LE.PROB) CO TO 65 

AAAAAAAAAA AAAAAAAAAAAAAAAA AAAAA AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
A STEP 7; SET CONTROLS BASO> UPON OUTCOME OP DETECTION ATTEMPT A 

AAAA AAAAA A AAAAAAAA AAAAA AAA AAAAA AAAAAAAAAAA AAAAAAAAAA AAAAAAAAAAAA 

STEP 7-1 : IP NO detection SET TARGET PRESENT PLAC LOM. 

60 MTP-0 
RETURN 

STEP 7-2: IP DETECTION SUCCESSFUL SET TARGET PRESENT FLAG 

HIGH AND INITIALIZE ACQUISITION CLOCK. 

65 MTP-1 

KACCLK^ 

RETURN 

END 


OO0O9BIO 
OOOOBBBO 
00009B30 
00009B40 
OOOOBBBO 
00009660 
0000BB70 
OOOOBBBO 
OOOOBBBO 
00009BO0 
00009BIO 
OOOOBBBO 
OOOOBB30 
OOOOBBBO 
OOOOBBBO 
OOOOBBBO 
00009B70 
OOOOBBBO 
OOOOBBBO 
OOO 10000 
OOOtOOIO 
00010020 
000 10030 
00010040 
006*0030 
00010060 
00010070 

000 looao 

OOOIOOBO 
00010100 
00010110 
00010120 
000 10130 
00010140 
000 lOlSO 
00010160 
000 lO 170 
OOOIOIBO 


I 

I 
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******«**********«***»*•**•**«« ****•***«*«***««**«**««*«*■«****«•*•«« 
* THIS FUNCTION COMPUTES THE EXPRESSION (SIN(NX)**2/(N SlNtX)**2)) * 
*•*»*«•****« •******«******«**«*«*«*****«*******«•• 


OOO 10190 
00010200 
00010210 
00010220 
000 10230 


function SUM(X.N) 

Y*S»I (X)«*2 

IF(Y.6T>I.0E-08) go TQ 10 

SUMsN 

RETURN 

10 SUM«SIN(N*X1**2/CN*Y) 
RETURN 
END 


000 10240 
OOO 102S0 
00010200 
00010270 
OOO 10280 
OOO 10290 
OOO 10300 
000103&0 
OOO 10320 
OOO 10330 


*« 4 >****«*****«« 4 «*********«**«***«*« 4 ««* 4 **«*****«*«*** 4**«**«*4 

* THIS FUNCTION COMPUTES TIC "NOMINAL* SNR AT THE VIDEO OUTPUT * 

• IT ASSUMES NO BEAMSHAPE OR SCAN LOSS. • 

«**********«*****«*««*********«*****«*****«********444*4*****««* 


FUNCTION SKMV(SIGMA.RANGE> 

COMMON /CNTL/IP MR • I MOO E> I TXP . lOUMC (6 ) .CXIMC 13 ) 

COHmON /ICNTL/IOUMl 12) .MSS* MTKINT.MRNG .MSAM.MPRF.I0UM2 1 10) 
COMMON /SYS0AT/0UM(12> .TGTSIG.GPS.GAS 
DIMENSION PT(3)»BN(2> 

DATA PT/47..23..7./. BN/69.5.57.2/ 

*4*****«** ************* **4«***4 *«*«****««**« 

* DETERMINE WHETHER ACTIVE OR PASSIVE MODE « 

******************************************** 

IFIIMOOE.EQ. 1) GO TO 10 

*****^**** ********************* ******* 

* PASSIVE MODE VIDEO SNR CALCULATION * 
************************************** 

SNR VsGPS *P T( I TXP ) 4-1 0 . * ALOGl 0 C S I GMA ) -BN ( MS A M ) -^ 0 . *ALOG 1 0 ( RANGE 
SNRV*1 0.** (0. 1*SNRV> 

RETURN 

************************************* 

* ACTIVE MODE VIDEO SNR CALCULATION • 
************************************* 

10 SNRVsGAS-20.*ALOG10 (RANGE) 

SNRV«10.**(0.:*SNRV) 

RETURN 

END 


OOO 10340 
OOO 10 350 
OOO 10360 
00010370 
00010380 
OOO 10390 
OOO 10400 
00010410 
00010420 
OOO 10430 
OOO 10440 
00010450 
00010460 
00010470 
00010480 
00010490 
00010500 
00010510 
OOO 10520 
OOO 10530 
00010540 
00010550 
OOO 10560 
00010570 
00010580 
00010590 
00010600 
00010610 
OOO 10620 
OOO 10630 
00010640 
00010650 
OOO 10660 
OOO 10670 


*************************************************************** 
* THIS SUBROUTINE UPDATES THE POSITION OF THE ANTENNA GIMBALS * 
************************** ************************************* 


C 

C 

c 

c 


SUBROUTINE POINT , ^ 

COMMON /OUTPUT/ IDUMK3 ). DUM4 (2 >.SPANG* SRANG.0UM5(3) • IDUM2( 4 ) 
COMMON /SYSOAT/TS.OUM( 3> *CG.SG.DUM2(9) 

COMMON /ATDAT/DUMl(4) • SALRTE.SBTRTE.DUM3(2>»AL.BT.PREF.RREF. 
2 AREF.BREF 

DATA AK/2.0/,TAU/1.414/,PI/3. 141592653/ 


************************************ 

* STEP i: PRELIMINARY COMPUTATI ONS * 
************************************ 

CR=COS(-RREF) 

SRaSIN(-RREF) 

CP*COS(-PREF) 

SP=SIN(-PREF) 


00010680 
00010690 
00010700 
00010710 
00010720 
00010730 
OOO 10740 
00010750 
OOO 10 760 
00010770 
00010 780 
00010790 
00010800 
OOO 10810 
00010820 
00010830 
00010840 
OOO 10850 
00010860 
OOO 10870 
OOO 10880 
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*•***•*•**•***•• •*****«*«*•*•*«**•••*•**•**«*•***•**••**•«««•« 

• STEP 2t COMPUTE ANTENNA REFERENCE ROU./PITCH ANGLES IN THE • 

* RADAR FRAME. * 

***•******•****•«***«*«******•«*** A******* ******«#«•••*******• 

XX«CG*SP-SC*SR*CP 
YY>SG* SPaCGASRACP 
Z2*CRACP 

IF( YY. ea.O.O.ANO.ZZ.EQ.0.0) GO TO t 
AREF«A TAN2 I YY .ZZ > 

GO TO 2 

1 IF(XX.GT.O.O) AREF>-PI/2. 

IFIXX.LT.O.Ol AREFbPI/2. 

2 RREFaASINt XX) 

**«****••*««*«««**•« 

• STEP 3: UPDATE OUTER CALPHA) GtMBAL RATE AND POSITION • 

***** •«******4i***********« •*****•«*«*•***«•**«•«*•*•***•• 

COMPOTE ALPHA LOOP POSITION ERROR. 

ERRA>AREF-AL 

UPDATE SMOOTHED ALPHA GIM8AL RATE ESTIMATE. 

SALRTE-SALRTEATSAAKACRRA 
UPDATE ALPHA GIMBAL RATE. 

ALRATE>AK«TAU*ERRA^SALRTE 
CHECK FOR ALPHA GIMBAL RATE LIMITING. 

IFIABSIALRATE) .GT.56. ) ALfM TE«56. *AL RATE /ABSfALR ATE) 

UPDATE ALPHA GIMBAL POSITION. 

ALaAL^TSAALRATE 

*••*•*****«**••**« «•«*••*«**«*•****«*•**** «**«**«•*•*••* 

* STEP a: update inner (beta) GIMBAL RATE AND POSITION * 

** ******** ******** A A *•***« •****•**•**••*•**•**•*******«• 


000 10 BOO 
000 lOOOO 
000 lOOtO 
000 lOOSO 
000 10930 
000 109*0 
000 109B0 
000 10960 
000 109T0 
000 109B0 
000 10990 
000 ItOOO 
OOOIlOlO 
000 11020 
00011030 
000110*0 
OOOllOSO 
00011060 
000 11070 
000 HOBO 
00011090 
000 11 100 
00011 110 
00011120 
OOO 11 130 
000 111*0 
000 II ISO 
00011160 
00011170 
OOOlllBQ 
000 n 190 
00011200 


COMPUTE BETA LOOP POSITION ERROR. 

-9)RB»BREF-BT 

UPDATE SMOOTHED BETA GIMBAL RATE ESTIMATE. 

SBTRTE »SBT RTE+T S*AK*ER RB 
UPDATE BETA GIMBAL RATE. 

B TR A T £ sA K* TAU* E RRB* SB T RTE 
CHECK FOR BETA GIMBAL RATE LIMITING. 

IF(ABS(BTRATE) .GT.56. ) BTRATE«50* *BTRATE/ABS( BTRATE ) 
UPDATE BETA GIMBAL POSITION. 

BT*BT*TS*BTRATE 

************************** ***««**• «*«••**•** 

* STEP 5 : ANTENNA IN OBSCURATION REGION? * 

««**«4i***« **«»**«•««*«***«••****** ********** 

CALL SCNWRN 


******************************* A********** «**«••*•* *••*•«***«•• 

* STEP 6: COMPUTE ANTENNA RDLL/PITCH ANGLES IN THE BODY FRAME * 

*************************************************************** 

CA«COS(AL) 

SAsSIN(AL) 

CB-COS(BT) 

SB«SIN(BT) 

XX«CA*SB*SG*SA*CB 
YY *-SG *SB> CG*S A *CB 
ZZ«CA*CB 

IF(YY.EQ.O .O.AND.ZZ.EO.0.0) GO TO 3 
SRANG»-57.2*576*ATAN2( YY.ZZ ) 

GO TO A 

3 IF (XX.GT.0.0 ) SRANGz-fOn.O 
IF(XX.LT.O.O) SRANGs-90.0 

4 SPANG--S7.2QS76*AS1N(XX) 

C RESOLVE POSSIBLE ANGLE AMBIGUITIES* VIZ.* -40.<SPANG<90. AND 
C -1 SO.<SRANG<iaO. 

IF(SPANG.LE*90* ) GO TO 10 

SPANG«-( 1 80. -ABS( SPANG ))* (SPANG/ ABS( SPANG > ) 

SR ANG> ( 1 80 .-ABS ( SRANG ) >* ( SR ANG/ ABS ( SRANG ) ) 

10 RETURN 
END 


000 11210 
00011220 
000 11230 
00011240 
000112S0 
00011260 
00011270 
000 II2B0 
00011290 
00011300 
OOO 11310 
000 11320 
00011330 
000 113*0 
00011360 
00011360 
OOO 11370 
00011380 
OOO 11390 
OOO 11400 
00011410 
OOO 11420 
OOO 11430 
OOO 11440 
OOO 11450 
OOO It 460 
OOO 11470 
OOO 11480 
OOO 11490 
00011500 
OOO ttsio 
OOO 1 1 520 
OOO 11530 
00011540 
OOO 1 1 550 
00011560 
00011570 

oooiisao 

00011S90 
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*«•**«*««**««*««***««**•**«««** •**«**********««i**«*«************« 

* THIS SUBnOUTINE DETERMINES NHETHER THE ANTENNA IS IN THE OB- * 

* SCURATION ZONE AND SETS THE SCAN WARNING FLAG APPROPRIATELY. • 

A********* ***«*•****«** *«•***«* AAAAAAAAAAAAWAAAAAAAAAWA********** 

SUBROUTINE SCNWRN 

COMMON /OUTPUT/MSWF.IOUMO(2 ).OUMO(7) .IDUMOKA) 

COMMON /ATDAT/DUM(8)*A.a»0UMA(4) 

DIMENSION ICLEAR(36.72 > 

DATA ICLEAR /I 7A 1 . 1 3*0 .6* 1. I8« 1 • I 2*0 .6*1 t 1 8* t . I 2*0.6«1 • 

1 18*1 .1 2*0«6*1 « 19*1. 11 *0.6*1 .19*1. 11*0. 6*1. 19*1 .11*0.6*1 . 

2 19*1.1 1*0. 6*1. 19*1. 11*0.6*1 .19*1.11*0.6*1.20*1 .10*0.6*1 . 

3 20*1.1 0*0.6*1.20*1. 10*0.6*1 .20*1 • 10*0.6*1 .20*1 . 1 0*0 • 

4 6*1.20*1.10*0.6*1.19*1 .11*0.6*1.18*1 .12*0.6*1.17*1.13*0. 

5 6*1.16*1 .14*0.6*1.16*1 .16*0 .6*1.14*1 .16*0 .6*1 • 1 4* 1 <16*0. 

6 6*1.13*1 .1 7*0.6*1.12*1 .18*0.6*1.11*1 .19*0. 6*1. 10*1.20*0.6*1. 

7 9*1.21 *0.6*1 .9*1 .21*0.6*1 .8*1 .22*0.6*1 .4*1. 0.3*1 .22*0.6*1. 

8 4*1.26*0.6*1.4*1 .26*0.6*1 .4*1.26*0.6*1 .4*1 .26*0.6*1.4*1.26*0.6* 

9 4*1.26*0.6*1.4*1 .26*0.6*1 .4*1.26*0.6*1 .4*1 .26*0 .6*1 .4*1 .26*0.6* 
A 4*1.26*0.6*1 .4*1 .26*0.6*1 .4*1.26*0.6*1 .4*1.26*0.6*1.4*1.26*0.6* 
a 4*1.26*0.6*1.4*1 .26*0.6*1 .4*1.26*0.6*1 .4*1 .7*0.2*1.17*0.6*1. 

C 4*1 .7*0.2*1.17*0.6*1.4*1 .6*0.3*1.17*0.6*1 .4*1 .5*0. 4*1. 17*0.6*1. 
D 4*1.5*0.6*1.15*0.6*1.4*1.0.12*1.13*0.6*1.19*1.11*0.6*1. 

E 21*1.9*0.6*1.24*1 .6*0.6*1.26*1.4*0. 

F 6*1.27*1,3*0.6*1 .28*1 .2*0.6*1.29*1 .0.6*1 .29*1 .0.6*1.28*1 . 

G 2*0.6* 1.27*06.3*0.6*1 .26*1.4*0.6*1 .25*1.5*0.6*1.23*1.7*0.6*1. 

H 23*1.7*0.6*1 .22*1 .8*0.6*! .19*1 - 1 1 *0.6*1 . 18*1 . 12*0 .6*1/ 

ALPHA=A 

BETA=B 

IF(ABS(8ETA).LE.90.) GO TO 1 
BETA*- C 1 80 -ABS ( B 1 ) * (B/ A8S CB ) ) 

*1 PHA* ( 1 80-A8S( A > )* ( A/ABS (A ) ) 

1 CONTINUE 

IA*INT((ALPHA-»-180.)/5.*l. ) 

IB=INT ( (90-BETA 1/5. +1 . ) 

MSWF*I(XEAR( IB. I A) 

RETURN 

END 

************************** **************************************** 

* THIS SUBROUTINE DETERMINES WHETHER ANTENNA IS IN ZONE 1 AND/OR * 

* ZONE 0 (FOR GPC-ACQ AND GPC-OES POINTING MODES ONLYI. * 

************************** **************************************** 

SUBROUTINE ZONECK 

COMMON /CNTL/IDOMC(9),EDRNG,EOPA.EDRA 

COMMON /OUTPUT/ IDUMK 3 l.DUM 1(2) .SPANG. SRANG,DUM3( 3) . IDUM3( 4) 
COMMON /ICNTL/IDUM2(10 l.MZl .MZ0.IDUM4( 15) 

MZ0=0 

MZ1=1 

PI 1=3. 141592653/180. 

RB=-PI I*SRANG 
PB=-P1 I*SPANG 
P=-EDPA 
R*-EORA 
CPB=COS(PB ) 

SPB=SIN(PB> 

CRB=COS(RB) 

SRB=S1N(RB) 

CP=COS(P) 

SP=SIN(P) 

CR=COS (R ) 

SR=SIN(R) 


00011600 
00011610 
00011620 
00011630 
000 11640 
00011660 
00011660 
000 11670 
00011680 
000 11690 
00011700 
00011710 
00011720 
000 11730 
000 11740 
00011750 
000 11760 
00011770 
000117B0 
00011790 
1.00011800 
1.00011810 
1.00011820 
00011030 
00011040 
00011850 
000 11060 
00011870 
00011800 
00011090 
00011900 
000 11910 
00011920 
00011930 
00011940 
00011950 
00011960 
00011970 
00011980 
00011990 
00012000 
00012010 
000 12020 
00012030 
00012040 
00012050 
000 12060 
000 12070 
000 12080 
00012090 
00012100 
00012110 
00012120 
00012130 
00012140 
000 12150 
000 12160 
000 12 170 
00012180 
00012190 
00012200 
00012210 
000 12220 
000 12230 
000 12240 
OOO 12250 
00012260 
00012270 
00012280 
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R«6 RB^SR^CPS *CI« *CP*CR I X 


ANGO I F-ACOS( SPB *C RB«SR 
ANCOIFaABSCANGOIF > 
IF(ANG0IF.GT.3.0) return 
MZO> t 

XFCANGOXF.QT.O.S} RCTURN 

MZt«l 

RETURN 

END 


«*•«*•**** ••**•****«••*•*• *****•****••*«•*««•«*«**••••*«**•**««*••• 

* THIS SUBROUTINE CYCLES THRU THE LOGIC FOR ANY SCAN GENERATION. • 

************ **««***« «••*** ***** ************************************ 

SUBROUTINE SCAN 

COMMON /CN TL / lOU M C 4 ) . t SRCHC • 1 SRCHG • I DUMC C 3 I .ED rMG.OUMC ( 2 > 

COMMON /OUtPUT/MSWF.MTF.MSF .DUM 1(7) , IOUM3( 4) 

COMMON /tCNTL/IDUM3(6) .KSNCLK. I0UM4( 2) .MTP. lOUMS ( 17) .MSVTCH. 

2 KSN.IAROLD.ITROLO 

COMMON /SYSOAT/TSAM.OUMSC 14 ) 

COMMON /TGTDAT/NT.0UM2(S03) *ROU( 3 ) .DUM3( 2 ) 

COMMON /ATOAT/DUM4(8). AI..BT.0UM5(2) .AREF.BREF 
DIMENSION TIMINTOD.ANGINTOI ) .RSW( lO).TSW(lO) 

DATA T IM IN T/ *7.1. 4. 1.9 .2.6. 3. 4.4. 3. 5. 1 .6. .7. .6.. 9. 1.10*4. 11. 6# 

1 13.3.14.9.16.9. 18.9*21 .1 .23 .4.25.9 .28.6*31 .S. 33.5.36.6 .39.8. 

2 43*2*46.8*50.5.54*3.58*4.60.0/ 

DATA ANGX NT/0 ...7. 1*5*2. *2*7*3*6*4*4*S*2*6.t*7*.7.9*8*8.9.8*10«9 

1 11.9*1 3.0* 14.2* 15.3.16.5*17.6*18.8*19.9*21. 1*22.2.23.4 *24.5. 

2 25.6*26.7*27.8*28.9.30./ 

DATA TSW/60. 0*54*3. 43. 2. 33* 5.28.6.21' 1*14*9*11.8.8.0*6.0/. 

2 RSW/48609.2. 55900.6.62584.3.71698*6*91 142.5.151903.8. 

3 243046.0*394949.8*881041.8. 1822845.0/ 

P 1 1*1 80./3* 14 1592653 

4 * 4 * 4 * 4 ** 4 •«**•*•*** ** 4 * 4 * * 4 * 4 * 44 * 44 ««****««*•*•*«*• 44 * 4 *** •* 

* STEP i; DETERMINE WHETHER TO PERFORM SCAN INI TTAL IZATIONI MSF>0) * 

* OR SCAN UPDATE(MSF*1). * 

4 * * 4 ****** 4 ** 4 4 * * 4 * 4 * 4 * * 4 * * 4 * * 4 * 4 * ***** 444 *** 4 ** 44 * * 4 ***** 4 * ******* 

IFCMSF.EQ.1) GO TO 15 

4 ** 4 * 4444 * ****** 44 * 4 ** 44 * 4 ******** 4 ** 4 * 

* STEP 21 PERFORM SCAN INITIALIZATION * 

4 **** 4 ******* 4 * 4 *** 4 ** 4 *** ************* 

INITIALIZE ALL FLAGS. 

MSFs 1 

INITIALIZE RING MONITORS. 
lAROLDsO 
ITROLO-10 

INITIALIZE SCAN CLOCK. 

KSNCLK aO 

INITIALIZE SCAN TIME PARAMETER. 

KSNsO 

DETERMINE SWITCH POINT PARAMETER. 

DO 5 lal.lO 

IF(EDRNG.LT*RSW(I )) GO TO 10 
5 CONTINUE 
10 MSWTCHal 

4 **** 44**4 ******************** 


000 12290 
00012300 
00012310 
000 12320 
00012330 
OOO 123*0 
000 12350 
OOO 12360 
000 12370 
OOO 12300 
00012390 
OOO 12*00 
OOO 12*10 
OOO 12*20 
00012*30 
00012**0 
OOO i2*r«o 
OOO 12«b0 
OOO 12*70 
OOO 12*80 
OOO 12*90 
OOO 12500 
00012510 
OOO 12520 
OOO 12530 
000125*0 
OOO 12550 
*00012560 
00012570 
OOO 12580 
OOO 12590 
OOO 12600 
OOO 12610 
OOO 12620 
OOO 12630 
000126*0 
OOO 12650 
00012660 
OOO 12670 
OOO 12680 
00012690 
OOO 12700 
00012710 
OOO 12 720 
OOO 12730 
OOO 127*0 
OOO 12750 
OOO 12760 
OOO 12770 
OOO 12 780 
00012790 
OOO 12800 
OOO 12810 
00012820 
00012830 
OOO 128*0 
00012850 
OOO 12860 
OOO 12870 
OOO 12880 
OOO 12890 
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* STEP 3t UPDATE SCAN CLOCKS • 

***«••***« ***«**•**•*«**«*«**« 

STEP 3*-i: IPOATE SCAN CLOCK fTPACKS TOTAL ELAPSED TIME PROM SCAN 
INIT lATION) . 

IS KSNCLKaKSNCLK-t-l 

T>PLO A T< KSNCLK ) « TSAM 

STEP 3 - 2 : UPDATE SCAN TIME PARAMETER (USED TO DETERMINE BORES IGHT 
POSITION IN SCAN PATTERN)* 

IP(T.LE*TSW(MSWTCH) ) KSN^KSN^I 
IF(T.CT.TSW<MSWTCM) ) KSN*KSN-I 
TSNaPLOAT(KSN)*TSAM 

*********************************************************** 

« STEP a: determine antenna POSITION TO NEAREST SCAN RING * 

DO 20 Ie)*31 

IF{TSN.LT.TIMINT( I) ) GO TO 25 
20 CONTINUE 
25 lARNG^I 


*« «****«*« «•«•*****«*******«•••*«**•••««*********•***•***•« 

* STEP 5 : DETERMINE TARGET POSITION IN SCAN PATTERN CSCAN • 

* RING NUMBER FOR TARGET) * 

*««***«>*******«•***•*** ******************* ********* ******** 

STEP S-I : DETERMINE TARGET POSITION EXACTLY* 

AL0LD>AL 
BTOLD*BT 
ALsAREP 
BT-BREF 
CALL TRNSFM 
CALL PVTRAN 
AL«ALOLO 
BT«BTOLD 

step 5 - 2 : DETERMINE TARGET SCAN RING NUMBER. 

DETERMINE TARGET ANGLE OFF SCAN DESIGNATES (DEGREES). 
CGANGsACnS(R0U(3) )*PII 

DETERMINE TARGET SCAN RING NUMBER. 

DO 30 I<1.31 

IF(CGANG.LT.ANGINT( I ) ) CO TO 35 
30 CONTINUE 
35 ITRNG^I 

IF(CGANG.GT.30. ) ITRNG<32 

******************************************************** 

• STEP 6t DETERMINE IF A DETECTION SHOULD BE ATTEMPTED * 

******************************* ************************* 

STEP 5-*: CHECK CONDITION, 

IFdARNG.EQ. ITRNC.AND. lARGLD.NE. ITROLD) CALL DETECT 

STEP 6 - 2 : UPDATE RING NUMBER MONITOR. 

IAROLD>IARNG 
ITROLD*! TRNG 

******************************* *«***«**««*«*•*«** 

• STEP T: check for scan TERMINATION CONDITIONS * 


STEP 7 - 1 : CHECK ALL POSSIBLE TERMINATION CONDITIONS. 

CONDITION • i: T > 60. SECONDS? 

IF(T.GE.60 .) GO TO *0 


000 12900 
000 12910 
000 12920 
000 12930 
000129A0 
000 129S0 
000 12960 
000 129T0 
00O129B0 
000 12990 
000 13000 
000 13010 
000 13020 
000 13030 
00013040 
000130SO 
00013060 
000 13070 
000 13060 
000 13090 
00013100 
000 13110 
000 13120 
000 13130 
0001314 0 
000 13150 
00013160 
00013170 
00013IB0 
000 13190 
000 13200 
000 13210 
000 13220 
00013230 
000 13240 
000 132S0 
000 13260 
000 13270 
000 132B0 
000 13290 
00013300 
000 13310 
000 13320 
000 13330 
000 13340 
000 13350 
00013360 
000 13370 
000133B0 
000 13390 
00013400 
00013410 
000 13420 
00013430 
0001344 0 
000 13450 
000 13460 
000 13470 
000 134^0 
000 134<*0 
000 13500 
000 13510 
00013520 
000 13530 
00013540 
000 135S0 
000 13560 
000 13570 
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CONDITION 0 2: NEXT SCAN TIME PARAMETER < 0« 7 
ITEMPaKSN-t 

IP( ITEMP.LT.O) GO TO AO 


IE TERMINATION CONO 


CONDITION « 3; DETECT A TARGET? 
tP(MTP.EQ.O) RETURN 

STEP 7-2; PERFORM SCAN TERMINATION STEPS — 
IT ION OBTAINED. 

40 MSFbO 

KSNCLK-0 

KSNaO 

ISRCHG-0 

I SRCHC «0 

RETURN 

END 


**«***»•*•*• A* •« A** ****** •*•**•••••*•* *4** *• a*** A«*«***A A*** A* 

* THIS SUBROUTINE SIMULATES T»C TRACKING MOOES OF THE KU-BAND * 

* RADAR. * 


SUBROUTINE TRACK 

COMMON /CNTL/IDUMI3). I ASM.I SRCHC. I SRCHG. I A2S. lELS. ISLR .EORNG* 
2 EOPA.EDRA 

COMMON /OUTPUT/MSWF .MT F.MSF ,OUMQ( 7 ) . lOUMOI 4 ) 

COMMON / ICNTL/ 1 1 DUM ( I 3 ) .MTX INT .MRNG. MS AM .MPRF .MBKTRK . 1 0UM21 91 

COMMON /SYSOAT/TSAM.OUM2( 14 I 

COMMON /ATOAT/OUMK 10) tPREF.RREF«0UMA(2) 

DIMENSION SLMRTEI2) 

DATA SL«RTE/6.oai4E-3. 3.4907E-1/ 

A* ************** ********************** A* ****************** *•*•** 

* STEP i: INITIALIZE TRACK MODE INITIALIZE ALL TRACK LOOPS * 

* AND UPDATE STATUS OF DATA VALID FLAGS. * 


STEP 1-1 


IF TRACK LOOPS 
ALL DATA VALID 
IFIMTF .EO. 1 ) GO TO 6 
IF(MTKINT.rjE.O) GO TO 


INITIALlZED(MTKINTal) SKIP STEP 1-2 AND IF 
FLAGS ARE UP(MTF*l) SKIP STEP 1-2 AND 1-3. 


ST0> 1-1 
CALL 

step 2-1 


: INITIALIZE RANGE .ANGLE. AND VELOCITY TRACK LOOPS 

STEADY STATE TRACKING OF TARGET C.G. 

TKINIT 


UPDATE DATA VALID FLAG STATUS ONLY WHEN ENTERING 

TRACK FROM SEARCH. 

5 CALL TCTACQ 

************************************************** 

* STEP 2: perform tracking loop update procedure * 

******************************* ******************* 


STEP 2-1 
6 CALL 

STEP 2-2 


UPDATE 

TRNSFM 


TRANSFORMATION MATRICES AND MATRICE RATES. 


TRANSFORM TARGET POSITION AND VELOCITY COMPONENTS FROM 
CRBITER BODY FRA ME -TO -ANTENNA LOS FRAME. 

CALL PVTRAN 

STEP 2-3: GENERATE NOISE-FREE TARGET RETURN SIGNAL AND PROCESS 
SIGNAL TO PRODUCE NOI SE-FRCE DISCRIMINANT COMPONENTS. 
CALL SIGNAL 


STEP 2-4! 


ADO EQUIVALENT NOISE TO DISCRIMINANT 
ALL REOUIRED DISCRIMINANTS. 


COI^ONENTS AND FORM 


000 13BB0 
00013090 
00013600 
000 13610 
00013680 
00013630 
00013640 
000 13660 
00013660 
000 13670 
000 136B0 
00013690 
00013700 
000 13710 
00013780 
000 13730 
000 13740 
000 13760 
00013760 
00013770 
000 13760 
000 13790 
00013B00 
000 13B10 
00O13B80 
000 13B30 
00013B40 
000 13860 
000 13B60 
000 13B70 
000 13BB0 
000 13090 
000 13900 
000 13910 
000 13920 
000 13930 
OOO 13940 
000 13960 
000 13960 
000 13970 
000 139B0 
OOO 13990 
00014000 
OOO 14 010 
00014020 

ASSUMESOOO 14030 

OOO 14040 
OOO 14 060 
OOO 14060 
OOO 14070 
00014060 
OOO 14090 
00014100 
OOO 14 110 
OOO 14 120 
00014130 
00014 1*0 
00014160 
OOO 14 160 
00014170 
OOO 14 IBO 
OOO 14 190 
00014200 
00014210 
00014280 
OOO 14 830 
OOO 14840 
00014260 
OOO 14860 
OOO 14870 
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CALL OtSCRM 

STEP 2-S: DETERMINE IF A BREAK TRACK CONDITION HAS OCCURRED* 

CALL BRKTRK 

CHECK STATUS OF BREAK -TRACK FLAG (MBKTRK«I BREAK-TRACK ). 

IF(MBKTRK.NE.t) GO TO 7 

IF BREAK -TRACK MAS OCCURRED - — RESET THE SYSTEM AND RETURN TO 
SEARCH. 

CALL SYSINT 
RETURN 

STEP 2-6: CPDATE ANTENNA G IMBAL POSITIONS AND RATES AND TARGET 
ANGLES AND ANGLE RATES FOR DISPLAY (GPC-ACQ AND AUTO 
MOOES ONLY.) 

7 IF(IASM.EQ.2.CR.IASM.E0.4) GO TO 10 

FOR GPC-ACO OR AUTO USE RADAR ESTIMATED TARGET ANGLES FOR 
TRACK SERVO INPUT. 

CALL A TRACK 
GO TO IS 

10 IF(IASM.EQ.A) GO TO 12 

FOR GPC-OES MODE USE GPC -SUPPLIED ANGLE DESIGNATES FDR TRAOC SERVD 
INPUT. 

PREFxEOPA 
RREF«EDRA 
CALL POINT 
GO TO 15 

FOR MANUAL MODE USE CREW -SUPPLIED SLEW RATES TO DETERMINE TRACK 
SERVO INPUT. 

12 PREF«PREF4FL0AT( I ELS) * SLWRTEt I SLR4 1 )*TSAM 
RREF*RREF>FLOAT ( I AZS> • SLWRTEI I SLR4 1 ) *TSAM 
CALL POINT 

STEP 2-7: CPOATE THE RANGE AND RANGE 'lATE ESTIMATES. 

15 CALL R TRACK 

STEP 2-a: determine radar signal strength (FOR DISPLAY METER) 

CALL RSS 
20 RETIRN 
END 


*«*««*«**«***•*««**«***•«• **«*•««• «****«****•**«••«« «**•«« 

• THIS SUBROUTINE INITIALIZES THE ANGLE TRACKING LOOPS. THE * 

• RANGE TRACKING LOOP. AND THE VELOCITY PROCESSOR STEADY • 

• STATE CONDITIONS ARE ASSUMED. • 

*«««*«*«*•**««**«**««•*•*«***««*****«•** A*************** 


2 
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SUBROUTINE TKINIT 

COMMON /CNTL/IPWR.IMODE.irXP.IASM. IDUMC( 5 ) .DUMCO) 

COMMON /INPUT/ ERT( 3) * EVT (3 > »EWBOi].OUM( IB > 

COMMON /OUTPUT/ I 30UM( 3) .SRNG.DUM 1 (6 I . IDUMl ( A ) 

COMMON /ICNTL/I 1DUM( 1 3 ).MTK INT .MRNG.MSAM.MPRF .MBKTRK .MBTSUM. 
MBT(B) 

CCMMON /SYSOAT/TSAM.DRO) .CP.SP.PSI .PSBl AS .OUM2 ( 7) 

COMMON /TGTDAT/NT. BUMS (500) .R0(3) .ROU( 3) .CGRNGE .CGVEL 
COMMON /SATDAT/RA0AR(3 >.KTAR.RT(70»3 ).SIGC70).ROLO*1CLOSE.ICLOLO 
COMMON /ATDAT/C A . SA *C B .SB *A 2RA TE • ELR ATE. ALR ATE . BTRATE . AL .8 T . 
DUM3(2) 

COMMON /RTDAT/lROOT.IRNG.RBtAS.VEST(A) .MDF(5) 

COMMON /XFORMS/ TLB(3. 3) . TLBDI 3. 3 ) .TLT( 3 . 3 ) .TLT0C3.3 ) 

COMMON /AGCDAT/AGC.AGCOLD 

DIMENSICM TRB(3.3).ER( 3) .EV (3) .ERTO( 3) .FLTWIOI 3).RI( 10) 

DATA FLTWID/7.721 5.3.3090*0 .2969/ 

DATA R1/i>O..240. .7B0. .2552.. 5772. .1 1544.. 23089. .43747.. 

57722. . I .8228E «6/ .NR I / 10/. PI /3 .14 1 592653/ 


000 14280 
000 14290 
00014 300 
00014 310 
000 14 320 
00014 330 
000 14340 
00014350 
00014 360 
00014 370 
000143B0 
00014390 
00014400 
000 14 410 
000 14420 
00014430 
000 14440 
000 14450 
000 14460 
000 14470 
000144B0 
000 14490 
000 14500 
00014510 
000 14 520 
000 14530 
00014540 
00014550 
00014560 
000 14570 
00014SBO 
00014590 
000 14600 
00014610 
00014 620 
000 14630 
000 14640 
OOO 14650 
000 14660 
000 14670 
000146B0 
000 14690 
000 14700 
000 14710 
00014 720 
00014 730 
00014 74 0 
00014 750 
00014 760 
00014770 
000147B0 
00014 790 
00014800 
000 14810 
000 14820 
000 14830 
00014840 
00014860 
00014860 
000 14870 
000 148B0 
00014090 
00014900 
000 14910 
00014920 
000 14930 
000 14940 
00014950 
00014960 
00014970 
000 149B0 
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c 

c 

c 

c 

c 

c 


c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 


c. 


c 

c 


c 


c 


c 

c 

c 

c 


c 

c 


c 

c 


c 


* STEP ot initialize BPEAK-TPACR almritmm • 

STEP O-i: INITIALIZE MOVING «INOO«-OF-a REGISTERS. 

DO 3 I«l»8 
3 MBTin-O 

STEP 0-E: initialize SUM REGISTER. 

MBTSIM-O 

STEP 0-3: SET BREAK-TRAOC R.AG TO L0« (OR Oi STATE. 

MBKTRK-0 

«•*« *«•«•» **.**•*****•**** *•**« •*«•****••• 

* STEP i: INITIALIZE ANGLE TRACKING LOOP • 

«•***•**••«••• •*•«•*•••*•*•**•• •*•••*••*•* 

|P( lASM.EQ.Z.OR* lASM.EQ.A) GO TO S 

STEP l-i: COMPUTE INITIAL INNER AND OUTER GIMBAL POSITIONS. 
(NOTE: TRANSFORM CONSISTS OF TRANSLATION PLUS ROTATION.) 

perform TRANSLATION SHIFT TO RADAR FRAME ORIGIN. 

DO I 1*1.3 

I ERTOI I )-ERT(I)-DR(I) 

COMPUTE transformation MATRIX (ROTATES FROM BOOT TO RADAR. 


000 lAOBO 
OOO ISOOO 
OOO tSOI 0 

000 tsoso 

OOO IS030 
OOOISOAO 
OOO tsoso 
OOO ISOOO 
000 IBOTO 
OOO ISOOO 
OOO ISOOO 
OOO IS too 
OOOISIIO 

OOO isiao 

OOO IS I 30 
000 ISIAO 
OOO IS ISO 
OOO ISISO 
OOO IS 170 

OOO isiao 

OOO IS 190 
OOO ISSOO 
OOO IS2I0 
OOOIS220 
OOO IS230 
OOO IS2A0 


CALL PNI(TRB.PSIaPSBIAS) 

TRANSFORM TARGET POSITION FROM BOOT TO RADAR FRAME. 

CALL MULT3IITRB.ERT0.ER) 

TRANSFORM TARGET VELOCITY FROM BODY TO RADAR FRAME. 

CALL MULT3I ITRB.EVT.EV ) 

SO*SQR T(ER(2)*ER(2)'*€R(3)«ER(3) ) 

COMPUTE INNER(BETA) GIMBAL POSITION BT. 

IF(ER( D.EQ.O.O.AN) .SO.CQ.0.0) STOP 
BT*-ATAN2( ER( 1 ) .SO) 

ER2*-ER(2) 

ER3«-ER(3) 

COMPUTE OUTER(ALPHA) GIMBAL POSITION AL. 

IF(ER2.EO.O.O.AND.ER3.EQ.O.O) GO TO 8 
AL«-A TAN2 ( ER2 .ER3 ) 

GO TO 9 

8 IF(ER( D.GT.O.O) ALN>I/2. 

IFIERI D.LT.O.O) AL*-PI/2. 

IF(ER( D.EO.O.O) STOP 

STEP 1-2: COMPUTE INITIAL TARGET INERTIAL LOS AZIMUTH AND 
ELEVATION RATES. 

PRELIMINARY TRIGONOMETRIC COMPUTATIONS. 

9 CA*COS(AL) 

SA«SIN(AL) 

CB*COS(BT) 

SB-SIN(BT) 

transform body angular velocity vector from BUOY TO OUTER 
GIMBAL(U) REFERENCE FRAME. 

«GX*CP*EWR ( I ) ♦SP*E«B( 2 ) 

WGY*C A • C -SP*EM8 I I I^CP* ERB (2))«SA«EWB(3) 

WGZ— SA«(-SPAE«B( I )♦CP•e«B( 2) ) TCA«E«B( 3) 

COMPUTE THE RANGE TO TARGET. 

R*SORT(ER( I)*ER ( I )*ER I 2) *ER (2 ) »ER C 3 ) *ER( 3) ) 

COMPUTE INITIAL TARGET I ICRTI AL LOS AZIMUTH RATE( AZRATE ) . 
VGY*CA«EV( 2)'»SA*EV< 3) 

AZRATE*VGY/R.(Ca*«CX-SB«WGZ ) 

COMPUTE INITIAL TARGET INERTIAL LOS ELEVATION RATE(ELRATE)- 
ELRATE»-ICB*EVI 1 ) -SB* ( -SA*E V( 2 ) ♦CAYE V< 3) ) ) /R*MGY 


OOO IS2S0 
OOO IS2S0 
000IS270 
OOO IS2B0 
OOO IS290 
OOO IS 300 
OOO IS3I0 
OOO IS»0 
OOO IS 330 
OOO IS3A0 
OOO IS3S0 
OOO 15360 
OOO IS370 
OOO IS3B0 
OOO IS 390 
OOO IS400 
OOO IS4I0 
OOO IS420 
OOO IS430 
OOO IS460 
OOO IS4S0 
OOO IS460 
OOO IS470 
OOO IS4B0 
OOO IS490 
OOO ISSOO 
OOO ISSIO 
OOO ISS20 
OOOISS30 
000ISS40 
OOO ISSSO 
OOO ISSOO 
OOO ISSTO 
OOO ISSBO 
OOO ISS90 
OOO IS600 
OOO 1S6I0 
OOO IS620 
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step 1 - 3 : CnMPUTE INITIAL INNER KNO OUTER GIMBAL RATES* 

COMPUTE initial OUTER GIWAL RATE ( ALRATE ). 

RCB-RAC8 

lF(ABS(RCB)*LT.I.0C-6) GO TO 2 
ALRATE *VGV/RCB 
GO TO A 
2 ALRATE >0. 

A CONTINUE 

COMPJTE INITIAL INNER GI WAL RATECBTRATE )• 

BTRATE *ELR ATE-WGY 

AAAAAAAAAA A*AA A*AA«A**A*AA AAA** AA*A«**AA*A 
A STEP 2: INITIALIZE RANGE TRACKING LOOP • 

****************************************** 

STEP 2-t; TRANSFORM TARGET C.G* POSITION AND C.G. VELOCITY FROM 
BODY TO ANTENNA LOS FRAME. 

5 CALL TRNSFM 
CALL PVTRAN 

STEP 2-2: INITIALIZE THE RANGE ESTIMATE REGISTER. 

SRNG-CGRNGE 
I RNG* 1 NTT ( SRNG* 3.2) 

STEP 2-3: INITIALIZE THE RANGE RATE ESTIMATE REGISTER. 

IRDOT* INTT(CCVEL*TSAM*3.2) 

** ************** ********************************************* 

• STEP 3: SET OPERATING PARAMETERS BASED t’PQN INITIAL RANGE * 

• AND SYSTEM MODE. * 

************************************************************* 

STEP 3 - 1 : determine correct RM4GE INTERVAL. 

DO 30 I«t.NRI 
MRNGx I 

IF(R!(I) .GT. SRNG) CO TO *0 
CW4TINUE 

STEP 3 - 2 : determine correct SAMPLE RATE. 

IF< IM00E.GE.2) GO TO 4A 

IF(MRNG.GT.<>) GO TO *2 

MSAMc 1 

GO TO 50 

MSAMs2 

GO TO SO 

IFIMRNC.GT.A ) GO TO A6 

MSAMsl 

GO TO SO 

MSAM>2 

STEP 3-3: determine CORRECT PRF . 

IF( IMODC.GE.2) GO TO 54 

IFIMRNG.GT.V) GO TO 52 

MPRF> I 

GO TO 60 

MPRF*3 

GO TO 60 

IFCMRNG.GT.Q) GO TO 56 

MPRFc i 

GO TO 60 

MPRF*2 

CONTINUE 

************** ************ *************** 

• STEP *: INITIALIZE VELOCITY PROCESSOR • 


000 tsoao 
000 IBOAO 
000 tSOBO 
000 15600 
000 1S670 
000 1S680 
OOU 10600 
000 IS TOO 
0001S710 
000 IS 720 
000 1ST30 
000 ISTAO 
000 1S750 
000 1S760 
000 1S770 

000 1S7B0 
000 IS TOO 
000 ISBOO 
OOOISBIO 
000 1SB20 
000 1SB30 
000 ISBAO 
000 ISBSO 
000 1SB60 
000 ISBTO 
000 ISBSO 
000 ISSOO 
000 1S900 
0001S9I0 
00016020 
000 1S930 
0001S040 
000 1S9S0 
000 1S060 
000 1S970 
000 1S980 
000159*0 
000 16000 
OCO 16010 
00016020 
00016030 
00016040 
000 16OS0 
000 16060 
000 16070 
000160SO 
00016090 
000 16 100 
00016110 
000 16120 
00016130 
00016140 
00016150 
00016160 
000 16170 
000161B0 
000 16190 
00016200 
000 16210 
000 16220 
00016230 
00016240 
000 16250 
000 16260 
00016270 
000 162B0 
00016290 
000 16 300 
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C 


STo* *-1 : 

00 to 

10 VESTC 


INtTIAUlZE MOVING WINDOW VEUOCITV AVERAGING. 
1 - 1.4 

I-CGVEU420. 


STEP 4-2: SET INITIAL POSITION OP 5 DOPPLER FILTERS. 
VR— CGVEL/FLTWIOtMPRF ) 

IVR-INTT(VR40. 5)432000 
M0FI3) sMOOf IVR.32) 

DO 20 I-l.S 

MO-MOF (3)4 1-3432000 

MDF(I)-M00(M0.32) 


4* A******* *•***• ****4**44- ********************************* 

* STEP s: INITIALIZE SIGNAL STRENGTH ALGORITHM PARAMETERS * 


AGCOLO^.O 

ITXP-I 

********** **************** *************************************** 
« STEP 6: SET TRACK INDICATOR TO ALLOW OPERATION OF TRACK LOOP * 
**************************************************************** 

MTKINT-l 

ROLD-0. 

I CLOSE -0 
ICLOLD-0 

note: DEBUGGING PRINT STATEMENTS. 

WRITE (6.899) 

WRITE! 6.900) AZRATE.ELRATE. ALRATE.BTRATE.AL *8T 
WRITE! 6.901) 

WRITE(6.902) IRNG.IRDOT.SRNG 
WRITE!6.903) 

WR1TC!6.904) ! VEST! I ) . 1-1 .4 ) , !MDF! J) .3-1.5) 

WR1TE16.90S) 

WRITE! 6-9A.«) IMODE.NRNG.MSAM.WPRF 

899 FORMAT!/'/* TRACKER INITIALIZATION:*/* ATRACK: AZRATE*. 

2 *.ELRATE.ALRATE.BTRATE.AL.8T*) 

900 FORMAT !6F1 4.6) 

901 FORMAT!* RTRACX: IRNG.IRDOT.SRNG*) 

902 F0RMAT!2I8 .F14.6) 

903 FORMAT!* VTRACK: VEST. HOF*) 

904 FORMAT !4F1 4.6 .5 IS) 

905 FORMAT!* CNTL: IMOOE.MRNC .MSAM.MPRF* ) 

906 FORMAT !4 18//) 

return 

END 


************************** **************************** 

* THIS SUBROUTINE UPDATES THE DATA VALID FLAG .STATUS * 

****************************************************** 


SUBROUTINE TGTACQ 

COMMON /CNTL/1PWR.1M00E.1TXP.1ASM.10UMC!5) .01R4CI3) 

C0*010N /OUTPL ;/M5WF.MTF.MSF.OOM1!7).MAOVF.MROVF.MA40VF.MRROVF 
COMMON /ICNTL/IDUW3!8) .KACCLK.MTP .MZ 1 . MZO. MSS .MTK IMT . 

2 MRNG. IDUMA! 12 ) 

COMMim /SYSOAT/TS.DUMS !14) 

D I MENS ION AOV! 1 0.2) .RDV! 1 0. 2 >. AROV! 1 0 .2 ) 

DATA /40V/9*t .02.5.12.8*1 .02 .2*2.33/ 

DATA ROV/9-6. 13.28.69.8*6.97.2*29. 76/ 

DATA ARDV/9-8.2.28.69. 7*8.2 .26.23.2*29.76/ 


000 16310 
000 16320 
000 16330 
000 16340 
000 163S0 
000 16360 
000 16370 
000 16 380 
000 16390 
000 16400 
OOO 16410 
000 16420 
000 16430 
00016440 
000 164S0 
OOO 16460 
000 16470 
OOO 16480 
OOO 16490 
00016S00 
OOO 16810 
OOO 16520 
00016530 
OOO 16540 
OOO 16550 
OOO 16560 
OOO 16570 
00016580 
OOO 16590 
00016600 
OOO 16610 
OOO 16620 
OOO 16630 
OOO 16640 
OOO 16650 
OOO 16660 
OOO 16670 
OOO 16680 
OOO 16690 
00016 700 
OOO 16710 
OOO 16720 
OOO 16730 
<100 16740 
OOO 16750 
OOO 16760 
OOO 16770 
OOO 16780 
OOO 16790 
OOO 16800 
OOO 16810 
OOO 16820 
00016830 
OOO 16840 
SOO 16850 
OOO 16860 
OOO 16870 
OOO 16880 
00016890 
OOO 16900 
OOO 16910 
OOO 16920 
OOO 16930 
OOO 16940 
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i 


1 


c 

C *•**•*•••• *•«•«*••««•••*»•*«»••••**• 

C * STEP ir UPDATE ACOUISITIIM CLOCK * 

C **•***••**•*«••••••*••••*«•*••* ••••• 

KACCLKi«ACCLK>l 
ACCLK«KACCLK*TS 


• STEP a: PEPrORP ancle data valid test — opc-acq c auto only • 

• ««•»•• «*«*»•<*•** A******* •*«•*•*« *•••*•••• •***•«• «•••••* 

IE(IASM.EO> 2 ^> lASM.EO.A) CO TO 10 
IPCACCLK.lt. AOV (MRNC . 1 MODE) I CO TO 10 
NADVP- 1 

•• *•••*•« ««•«««•*« A *«•**••••*•••*•*«•••*•*•••••••••••••• 

A STEP 3 : PERPORM RANGE AND RANGE RATE DATA VALID TEST A 
AAAAAAAAAA AAAAAAAAAA AAAAAA AAAAA AAAAAAAAAAA AAAAAAAAA AA*AA 

10 IP (ACCLK.lT.ROVCMRNC. INODE) ) CO TO IS 
MRDVP* 1 
MRRDVP ■! 

IP CPC-DES OR MANUAL INITIALIZE RADAR TRACKING PARAMETERS* 

IS |P< IASM.EO. 2 . 0 R.IASN.EO.A.ANO.MRDVP.EO. 1 ) GO TO 20 

AA AAAAAAAA A* AA AA AAA A AAAAA A AAA AA AAAAAAA AAAA AA AA AAAA A AAAAA AA AAAAAAA 

A STEP a: PERPORM angle rate data valid test GPC-ACQ G AUTO A 

A MODES ONLY. A 

AAAAAAAAAA AAAAAAAA AAAAAAA A AA A AA AA A AA A A A A A A AA AA A A AA A AA AAO A A AA AAA AA 

IPCACCLK.LT.AWVIMRNG. IMOOE )> RETURN 
MARDVPbI 


A STEP S: PERPORM steady STATE RADAR TRACKING INITIALIZATION A 

A A AAA A A AAA AAAA AAAA A AAAA AAA AAAAA AAA AAA A AAAA AAAA A AAA A A AAAAAAAAAA 

20 KACCLK-O 
MTP«l 


000 16«r.4 
000 loot. 
000 16970 
000 I 69 G 0 
000 16990 
000 17000 
000 17010 
00017020 
OOO 17020 
0001706 0 
000 17000 
000 17060 
00017070 
000 17000 
OOO 17090 
00017100 
OOO 17110 
OOO 17120 
OOO 17130 
OOO 17160 
000171 S 0 
00017160 
00017170 
00017160 
OOO 17190 
OOO 17200 
00017210 
OOO 17220 
00017230 
OOO 17260 
OOO 17260 
OOO 17260 
00017270 
OOO 17200 
OOO 17290 
00017300 


return 

END 


AAAAAAA AA AAAAAAA AAAAAAA AAA AA A AA A A A A A A A A A A A AA A A AA A A A AAAA 

A THIS SUBROUTINE UPDATES ALL REQUIRED TRANSPORMAT I DM A 
A MATRICES AND TRANSFORMATION MATRIX RATES* • 

AAAAAAAAAAAAAA AAAA A A AAAAA A AAAAA AAA AAAA AAAA AAAAAAAA A AAAA 


SUBROUTINE TRNSPM 

COMMON /INPUT/ 0 UMC 9 ).TBT( 3 . 3 ).TBT 0 ( 3 . 3 ) 

COMMON /SVSOAT/OUM 2 ( 6 ) .CP .SP. 0 UM 6 ( 91 

COMMON /ATOAT/C A »SA *CB •SB.OUMl ( 2 ) • ALRATE .BTRATE . AL. 8 T . OUM 3 C 6 ) 
COMMON /XPORMS/TLBC 3.3 ).TLB 0 I 3 . 3 ) .TLTC 3 . 3 ) .TLTDC 3 . 3 ) 

AAAAAAAAAA AAA A AAAA A A AAA AA A AA AAA AAA AAA A AA AA 

A STEP t: « 3 >DATE TRANSPORMAT ION MATRICES A 


STEP l-t: PRELIMINARY COMPUTATIONS. 

CBaCOS(BT) 

SB*SIN(BT) 

CAaCOS CAL) 

SA«SINCAL) 

STEP 1 - 2 : COMPOTE TRANSFORMATION MATRIX TLB CBODY-TO-LOS FRAME). 
TLBC 1 . I)>CBACP-SBASAasP 
TLBC I . 2 )bCBASPaSBASAACP 
TLBC 1 . 3 )«-SBACA 
TL 8 C 2 . 1 )«-CAASP 
TLB( 2 . 2 )*C AACP 
TLBC 2 . 3 )«SA 

TLBC 3 . 1 )«SBACP*CBASAASP 
TLBC 3 . 2 )«SBASP-CBASAacp 
TLBC 3 . 3 )«CBACA 


00017310 
00017320 
OOO 17330 
OOO 17360 
OOO 173 S 0 
00017160 
00017370 
OOO 173 B 0 
OOO 17390 
OOO 17 A 00 
OOO 17610 
00017620 
OOO 17630 
00017660 
00017660 
OOO 17660 

000 17670 
OOO 17680 
00017690 
00017600 
00017610 
00017620 
00017630 
00017660 
OOO 17660 
00017660 

000 1 7670 
00017680 
OOO 17690 
OOO 17600 
00017610 
00017620 
00017630 
OOO 17660 
OOO 17660 
OOO 17660 



I 

I 


I 


I 






I 


L 


*A 
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srcp i-s: ooM^uTc rnANsraitMArioN mathix tlt itah6et-to-«.os PMMei. 
DO to tBl.3 
00 10 J«l.3 
Tt.T(t. JIaO.O 
OO to Kb|*3 

to TUTU. JtaTLTttf Jl^TUBt ItK )*tBT(K. J ) 

• STEP 2t UPDATE TPANSPORMATION MATRIX RATES * 

STEP 2-t: COMPUTE TUB-OOT. 

TLBOt I •! )*-«TPATE*TUB( 3*1 )♦ AURATE*SB*TLB 1 2* t I 
TLBOt t •2)>-eTRATE*TLB( 3*2 )♦ ALRATE*S8*TLB (2 *2) 

TLBOr t •31— BTRATEPTuat 3*3 )♦ ALRATE*SB*TCB(2.3) 
TLB0(2*I)-ALRATE«SP*TL B(2»3) 

TVBOI 2 .2 >> -ALRATE*CP*TUBf 2. 3) 

TLBO(2 •3)>ALRATE*CA 


000 I70RO 
000170BC 
000 ITOOO 

000 trroo 

OOOtTTtO 
OOO 17720 
000 17730 
OOO I77A0 
000 17700 
000 17700 
00017770 
OOO 17700 
OOO t7700 
00017000 
00017010 
OOO 17020 
OOO 17030 
OOOI70AO 
OOn 17000 


TLBOI3.I )aBTRATe«TLSrt •! t -AI^A TE«CB*TLB( 2* t ) 
TUBO( 3 •2)aBTRATE*T\.Bt 1 .2 1 -ALRATE«CB*TI.B( 2»2 1 
TLBOt 3 *3 ) -BTRATEATLBt t *3 ) -ALRATEACB*TLB( 2* 3 ) 


STEP 2-2! COMPOTE TUT-OOT. 

OO 20 laltS 
00 20 J«1.3 
TLTDt I .JtaO.O 
00 20 K>t*3 

20 TLTDt I .JtaTLTOtl.Jt^TLBOtl.lOATBTtK.JtTTLBtt.KXtBTDtK.J) 
RETXIRN 
END 


• THIS SUBROUTINE COMPJ TES TARGET C*G« POSITION AND VELOCITY * 

• «RT ANTEtMA LOS COORDINATES A»«> INDIVIDUAL SCATTERER POSt- • 

• TIONS AND VELOCITIES «RT ANTENNA LOS COORDINATES. • 


SUBROUTir« PVTRAN 

COMMON /CNTL/IPWR.IMOOE 

COMMON /INPUT/ERTI3)*EVTt3) .OUMtEI > 

COMMON /OUTPUT/MSMP .MTP.MSP .OUMOt 7) • IDUMOt A ) 

COMMON /ICNTL/I0UM6t0» .MTP, lOUMTt 3 I.MTXINT 
COMMON /SYS0AT/TSAM.0Rt3> .0UM2I I I I 

COMMON /TGTOAT/NT.RAUt 3* I 00 I .RANGE 1 1 00 I .RAOVELt IOOI.ROI3). 

2 R0UI3I.CCRNGE.CGVEL 

COMMON /SA TO At /R AOARt 3 ) . N20 »R T (70 • 3 > .S IG 1 70 1 .ROLO. ICLOSE . 1 CL OLD 
COMMON /XFORMS/TLBI3.3 t.TLBOtS.3) .TLTt 3.31 .TLTO(3.3> 

OtMENS ION R0RI3I •ROOt3).VIt 31 .R A(3 ) . RL 13 1 .RAOt 3 1 .RLOt 3 I 

•••••*•••* •*•««•«•««•••••* •«*•••«•»••••**• «••*«*•••••••••••** 

A STEP It COMPUTE TARGET C .G. POSITION IN ANTENNA LOS PRAME • 
•••****••«***••••* A •••«**•*•••**••*•**•••«•••»••••» •••••••*** 

STEP t-t: ADD RAOAR OFFSET IN ORBITER BOOT FRAME. 

OG S I-l t3 

S RORt n «£RTfI l-ORt n 

STEP 1-2! TRANSFORM TARGET C.G. POSITION FROM BODY FRAME TO 
ANTENNA LOS FRAME. 

CALL MULT3lt TLB.ROR. ro ) 

STEP 1-3! COMPUTE RANGE OF TARGET C.G. »RT RAOAR. 

CGRNCEaSQRTtROt I >*ROt I lAROt 2l*R0t 2 URO 1 3 i*ROI 3 ) I 

STEP I -a: COMPUTE UNIT VECTOR IN DIRECTION OF TARGET C.G. RRT 
N4TEM4A LOS FRAME. 

DO to t>1.3 

to ROUtI )M»Ot n/CCRNGE 


OOOI7B60 
OOO 1 7270 
OOOI70BO 
00017200 
00017900 
00017910 
OOO 17920 
00017930 
000I79A0 
OOO 179B0 
OOO 17960 
OOO 17970 
00017920 
00017990 


00012000 
OOO 10010 
00012020 
OOO 10030 
OOOtOOAO 
OOOIOOBO 
OOO 10060 
00010070 
OOO 10070 
OOOIOOBO 
OOO 10090 

OOO to too 

OOO lOltO 
OOO to 120 
00010130 
OOOIOIAO 
OOO 10160 
OOO 10 160 
000 10170 
OOOIOIBO 
00010190 
OOO 10200 
00010210 
OOO 10220 
OOO 10230 
OOO 10240 
OOO 10260 
OOO 10260 
OOO 10270 
OOO 10200 
OCO 10290 
OOO 10300 
OOO 10310 
OOO 10320 
OOO 10330 
OOO 10340 
OOO 10 360 


or. r,r; nnnnnnn n or» no or» nnonootinon r.n nnononon 


« STEP 2: OOMPUTE TARSET C.ft. RAO I AC VRLOCtTY WRT ANTENNA COS • 

« FRAME (OR RADARI. * 

**••*••*«**•*«••••««•«*•«««•*•••••••••••*••••*•••••••»•**••• 

STEP 2-1; 03MPUTE TARGET C .0. VECOCITY COMPIMBNTS WRT ANTENNA 
COS FRAME* 

CACC MUCT3l(Tt«0*R0R.Vl) 

CACC MUCT3l(TCn*EVT. ROD) 

00 tS t«l*3 

;s R0D(naR00(t)«VI(I> 

step 2-2: COMPUTE TARGET C«G* RAO I AC VECOCITY WRT ANTCiMA COS* 

CGVEC«0.0 
DO 20 I>l*3 

20 CGVCC*CGVEC4R00(I lAROUd I 
II-O 

IF (I I . EG* II Cn TO 2A 

• STEP 3: COMPOTE TARGET SCATTERING CHARACTERISTICS • OF • 

« ICCUMINATEO POINTS* THE POINT COCATIONS* AW> THE * 

«••»•«*«•»**«***••*« •'4* ••*•*••**•«•*«• •***•**•»*«* •*•*****««•• 

STEP 3-i: IF IN ACTIVE MODE* SEARCH MODE* OR TRACKER INI TI AC IZATION 

ASSUME SINGCE SCATTERCR COCATEO AT TARGET FRAME ORIGIN 

CHECK CONDITION. 

IF(lMOaE*NE.t.AND.MTKINT.I«*0*ANO*MTP.NE*0> GO TO 30 

IF ABOVE CONOITION TRUE T« N SET PARAMETERS AS FOCCOWS AW DO 

WT CACC TARGET MOOEC. 

2A NTbI 

SIGf I I>1*0 
DO 2S I«I*3 
2S RTII.IIbO.O 
GO TO AO 

STEP 3-2: COMPUTE COCATION OF RADAR IN TARGET FRAME. 

30 DO 35 1-1*3 
RADAR! II-O.O 
DO 35 J-1.3 

35 RADAR! II-RAOAR! I lATCT! J* I )ARO< Jl 

STEP 3-3: COMPUTE TARGET SCATTERING CHARACTERISTICS. 

CACC SPAS 
NT^.^20 

AO DO TO K-I.NT 

*•***••*•« ••••«««*••««*•*« •*•«••*• **A* A* AAA* A A A*** A* AA AAA* 

A STEP a: COMPUTE KTH SCATTERER POSITICM. RANGE. AND DIRECTION A 
A VECTOR tMRT ANTENNA LOS FRAME !0R RADAR I . A 

AAAAAAAAAA AAAAAAAAAAAAAAAAAA-^AA AAAAAAAAAA* AAAAAAAAAAAAAAAAAAAAA* 

STEP A-i: COMPUTE KTH SCATTERER POSITION WRT ANTENNA COS FRAME* 

DO AS JA I . 3 
RC'J)-0.0 
on AS 1-1*3 

AS RCiJI-RC!Jl4TCT! J.IIART(K*| I 
OCJ 50 t-t*3 
SO RA! I )sRO( 1 l*Rt I I I 

ATjrv A-?- rOMPIITF OANGF OF KTH SCATTERER WRT RADAR* 

KANGE!<) -SQRTIHA! 1)aRAI 1)* RA ( ? ) -RA I ? }*R A ( 31 *RA ( 31 I 

ilEF s-3: CuMFUTE USII VECTOR In DlHtCTlJN Ot- KTh ACArrEMEk WRI 


000 IB 360 
000 16370 
000 1B360 
000 16390 
000 16A00 
000 16AI0 
000 16420 
OOO 16430 
000 16440 
000 164S0 
000 16440 
000 16 470 
000 16460 
000 16460 
000 16600 
OOC 16610 
000 16620 
000 16630 
00016640 
000 16660 
000 10660 
000 16670 
00016660 
000166V0 
OOO 16600 
00016610 
.000 16620 
00016630 
OOO 18640 
OOO 16660 
OOO 16660 
OOO 16670 
00016660 
00016690 
00010700 
OOO 10710 
OOO 16720 
OOO 10730 
OOO 10740 
00016750 
OOO 16 760 
000IS770 
OOO 10760 
OOO 10790 
OOO 16000 
00010610 
00010620 
OOO 1OS30 
OOO 18640 
OOO 16650 
OOO 18860 
OOO 10870 
OOO 10060 
OOO 16690 
OOO If! 900 
OOO 10910 
OOO 16920 
OOO 18930 
OOO 10940 
OOO 10950 
OOO 18940 
OOO 16970 
OOO 16960 
OOO 16990 
00019000 
00019010 
00019020 


t 


oooooooo oonootT oo ooooooo 


C antenna LOS FRAME. 

DQ 55 1=1.3 

55 RAU(I,K)=RA(I)/RANGE(K) 

«»««»«««»«»««*«i»4i««»«*««**««****««***>|t«*«***«***«**** ****** 

♦ STEt* 5; COMPUTE KTH SCATTERER RADIAL VELOCITY MRT RADAR * 

*********************************************************** 

STEP 5-I: COMPUTE KTH SCATTERER VELOCITY COMPONENTS WRT ANTENNA 
LOS FRAME. 

CALL MULT3I(TLTO»RTtRLD) 

00 60 1=1.3 

60 RA0(I(=R00(1)-^RL0(1) 

STEP 5-2: COMPUTE KTH SCATTERER RADIAL VELOCITY MRT TO RADAR. 
KAUVEL(K)=0.0 
00 65 1=1.3 

65 RAOVEL(K}=RAOVEL(Kl*RAOU )*RAUII.K) 

70 CONTINUE 

note: DEfaUGGINC- PRINT STATEMENTS. 

WRITE<6.900) R0(U.R0J2).R0(3».CGKNGE,CbyEL^^., , 

WRITE (6.901) RAU( I.l ) .RAU( 2.1) »RAU( 3. L) .RANGE! 1 ) .RAO VEL( 1) 
WR1TE(6»902) 


900 

901 

902 

] 

903 


WRITE(6.903)(I.(RT(I.J) «J=I*3) »SIG( 1) >1=1 .N20) 

FORMAT (//' R0l.R02.R03.CGR.CGV =».5F10.2) 

FORMAT! • RAU1.RAU2.RAU3.R.V ='.5F10.2) 

/°9xt M •»*X» •R(iil)*i4X.*Rh.2)'.4X.»R!I.3)* .9X, 'SIG!!)',/) 
FORMAT! 110 .3FI0.2.FI5.1) 


RETURN 
END 


C 

C 

C 

c 


«***«=»**«*****«********************************************«****** 

♦ this subroutine GENERATES THE NOISE-FREE ANGLE. RANGE. VELOCITY ♦ 

♦ AND ON-TARGET DISCRIMINANT COMPONENTS. ^ 

♦»»♦***»**♦♦*♦****»♦♦**»♦***♦*»*♦**********♦*******»***♦♦**♦♦*♦**** 

SUBROUTINE SIGNAL 

COMMON /CNTL/I PWR .IMODE .1 TXP . I ASM ,I DUMC ( 5 ) ,OUMC ! 3 ) 

COMMON /0UTPUT/I1DUM(3) .SRNG.0UMl{6) .I0UM2(4) 

^ COMMON /ICNTL/1DU»! 13) .MTKINT.MRNG.MSAM.MPRF.MSKTRK.MBTSUM. 

2 MBT ! B) 

COMMON /TGTOAT/N T .RA U ! 3 , 1 00 ) .R AN6E ! 100 ) .R AOVEL ! 1 00 ) . RO ! 3 ) . 

2 R0U(3)*CGRN6E.CGVEL 

COMMON /SAT0AT/RADAR(3) ,N20,RT(70,3),SIG!70) 

COMMON /RTDAT/IDUM6(2) .0UM2(5) ,M0F(5) 

^ COMMON /SIGOAT/SPAZ.SMAZ.SPEL. SMEL. EARLY. LATE, DFI.DF5. 

2 0F2.DFA.SIGBAR 

COMMON /XF0RMS/TLB(3,3l ,TLB0!3,3) ,TLT( 3,3 ) .TLTD! 3,3) 

COMPLEX CSUM,C0IFAZ,CDIFEL,CEARLY,CLATE,CDFI,C0F5,CDF2,CDF4, 

2 OFWTS.PHASE.PHASEI.OOPFIL 

, DIMENSION CrP(10.2).0FHTS!5.I00).ALAM(5).ALAM0(3),NFREQ!2) , 

2 R HO L ! 3 ) 

DATA CTP/9*. 03318,9. 799E-4,4*.03316.1.9599E-3, 9. 8E-4.4.9E-4, 

2 2*2.45E— 4.1 .225E— 4/ 

DATA NFREQ/l,5/,AI^/177.439, 176.05, 178.71,176.71,178.04/, 

2 ALAMO/1 .2724E-2 , 2. 9691E-2.3.3092E-1/ 

REAL LATE 

****************************************************************** 

♦ STEP l: PRELIMINARY COMPUTATIONS AND PARAMETER INITIALIZATION * 
****=*************************************************** ********** 


00019030 
000 19040 
00019050 
00019060 
00019070 
00019080 
00019090 
00019100 
119110 
119120 
00019130 
00019140 
00019150 
00019160 
00019170 
00019180 
00019190 
00019200 
00019210 
00019220 
00019230 
00019240 
00019250 
00019260 
00019270 
00019260 
00019290 
00019300 
00019310 
00019320 
00019330 
00019340 

00019350 
00019360 
00019370 
00019380 
00019390 
00019400 
00019410 
00019420 
00019430 
00019440 
00019450 
00019460 
00019470 
00019480 
00019490 
00019500 
000.19510 
00019520 
000 19 5 ?0 
00019540 
00019550 
00019560 
00019570 
00019580 
00019590 
00019600 
00019610 
00019620 
00019630 
00019640 
00019650 
00019660 
00019670 


289 
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STEP l>l: INIUALUE OISCRININANT COHPUNENTS (NOTE* THESE ARE THE 
ClWPQNENT SIGNALS AFTER SOUARE-LAM DETECTION). 

SPAZ«0.0 

SMAt»0.0 

SPEL-0.0 

SHEL«0.0 

tARLY«0.0 

LATE«0,0 

OFl«0.0 

0F5«0.0 

0F2»O.O 

DFA-0.0 

SIG3AR>0.0 

NFMAX*NFREGiIMOOE) 

00 55 I>i,NFHAX 

STEP 1-2! initialize COMPLEX DISCRIMINANT COMPONENTS BEFORE EACH 
XMIT FREQUENCY (NOTE* THESE ARE THE COMPONENT SIGNALS 

BEFORE SQUARE-LAW OETECTION). 

C SUM* ( 0 . f 0 . ) 

CoTfaZ«(0. »0.) 

COIFEL^jo.tO.) 

CEARLY«(0.»0.) 

CLATE>|0..U.) 

(.OFI«(0..0.) 

C0FS>(0.,0.) 

LDF2»(ti.,0.) 

CDF4«(0.,0.i 
00 AS K«ltNT 

IFU.GT.l) GO TO 35 

********************** 

X> STEP a; COMPUTE SUM CHANNEL MULTIPLICATION FACTOR FOR KTH * 

* SCATIERER. • 

STEP 2-1! COMPUTE SUM PATTERN ANGLE. 

PS1«AC0S(ABS(RAU( 3.K )) ) 

STfeK 2-2! COMPUTE ANTENNA SUM PATTERN MULTIPLICATION FACTOR. 
X«SPAT(PS1 ) 

STtP 2-31 COMPUTE SUM CHANNEL MULTIPLICATION FACTOR. 

XX>Sir>(K)AX 

NUTEi IF IN active MODE SEI XX»l.O. 

1F( INODE. EG. 1) XX-1.0 
S«XX*X 

STEP 2-H! CHECK antenna STEERING MODE (IF IN GPC-DES OR MANUAL 
SKIP STEP A). 

IF( IASM.EQ.2.0R.IASM.EQ.A) GO TO 20 


***«»»«•«*•»■**•«*«*«•*«««•****•««**«*«««•«««**«* **•«*«** •••**** 

♦ STEP 3! COMPUTE AZ AND EL DIFFERENCE CHANNEL MULTIPLICATION • 

* FACTORS FOR KTH SCATTERER. * 

»*«■« VW************ Id 41V4I*************** 

STEP 3-1! COMPUTE AZ AND EL DIFFERENCE PATTERN ANGLES. 
OELAZa-ASlN(RAU(2.K) I 
DELEL*ASIN(RAUll.Kl) 


00019680 

00019690 

00019700 

00019710 


197A0 

hii8 

19770 

19780 


0001980C 

00019810 

00019820 

00019830 

888i;n8 

00019860 

00019870 


00019950 

00019960 


00020030 


00020070 


00020100 


00020130 


00020220 


00020300 




imi 


STEI> 3 - 2 * 


STEP 3-31 COHP^f 


kl AND EL OIFFERIHCE PATTERN HULTIPLICATION 


8 A 2 »XX*Y 
EL>XX *2 


KcTols*f.SguEk8inR81&.'5»?l«lKVS«ir 




FOR RTH SCATTERER^* 


STEP 4-2* COHPyTE EARLY ANO LATE RANGE GATE WEIGHTINGS FOR 


KSiii:: 


RGE>Q.q 

RGL-q.q 


24t2LltXl 


Stlifhtx 

a'-!8-S> 

SSeISJ* 

RGL-3.-DELX 

P 4-3* ^gU^JjJlNTs'*^ HEIGHT FOR NON-RANGE DISCRIMINANT 

RGHGT»0.5*tR6L*RGEI 


STEP 4-3* HEXGHI HJR 

25 RGHGT«0.5*IR6L*RGEI 

*- f5!JiX.E‘SSEi»f!c!!firf!cSSsr 


CHANNEL HULTIPLICaI 
RGE>S*RGE 
RGL«S*RGL 



oel>oel*rgmgt 

********•••♦*♦•• ••♦••*4*****4 ••••*•••••••••* 

8IEIR1HSIS! ElirSW's'TKi'i'.yiiiSE^?'!"*’ 

iTEP 5-2* COMPUTE DOPPLER FREOUENCY CORRESPONDING TO RADIAL VELOCITY 
OF RTH SCATTERER. ^ 

F0T«-2.*AL AMO(MPRFI*RAOVEHK) 

step 5-3* CWFUTE DOPPLER FILTER WEIGHTING FOR EACH OF FIVE DOPPLER 


00020 
00020860 
00020870 
00020880 
00020840 
00020900 
00020910 


YmmY-i 
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c 

c 


c 

c 

c 

c 

C 

C 

C 

C 

C 


TRACKING FILTERS. 
00 30 J*ltS 

ARGsO. 19b348*M0F ( J)-F0T 
30 0FMTS( JtK)«00PFIL(ARG) 


* STEP 6: COMPUTE PHASE FACTOR ASSOCIATED WltHktHSCATTERER RANGE ♦ 

I REFERENCO TO PHASE ASSOCIATED KITH RANGE ♦ 

* OF TARGET C.G. ) « 

**«««»*•»««*«*«* 

definition: RANGEJKl IS RANGE OF KTM SCATTERER TO ANTENNA PHASE 
DEFINITION: ALAM*4.*PI/LAMflDA WHERE LAMBDA IS XMIT FREQUENCY. 

STEP 6-1: COMPUTE PHASE REFERENCED 10 TARGET C.G. 

35 D£LPSI»ALAMm*tRAN6E(KI-CGRNGEI 

STEP 6-2: COMPUTE PHASE FACTOR, I.E. EXP< J*0ELPHI». 
PHASEsCEXPICMPLXfO.tDELPSlS) 

PHASE1=PHASE 

STEP 6-3: COMBINE RANGE PHASE FACTOR AND DOPPLER FILTER «3 
WEIGHT AND PHASE FACTOR. 

PhASE*PHASE*0FMTS(3tK> 

*************m********—**^*m*m*m*mm******0**m**m***m**m**m**** 

* STEP 7: ADO {VECTOR lALLYl KTM SCATTERER CONTRIBUTION TO EACH • 

* OISCRININANT*S COMPONENT SIGNALS. * 

«***«^*«««»»«»»****«****«*«»«>Mt**A******«««4l4t4l****^«:,»«»««««*;^ 

KSufi^^*^**^** CONTRIBUTION TO SUM CHANNEL SIGNAL. 

STEP 7-2: CHECK ANTENNA STEERING MODE SKIP STEP 8-3 IF IN 

GPC-OES OR MANUAL MODE, 

1FI1ASM.EQ.2.0R.IASM.EQ.A} GO TO AO 

STEP 7-3: ADD KTH SCATTERER CONTRIBUTION TO A2 AND EL OIFFERErCE 
CHANNELS SIGNALS. 

CD1FA2»CDI FA2+DAZAPHASE 
CDIFEL=COIFE L+DEL6PHASE 

STEP 7-a: ado KTH SCATTERER CONTRIBUTION TO RANGE DISCRIMINANT 

wNwiMT SIGNALS^ 

AO CEARLY=CEARLY-t-RGE*PHASE 
CLATE=CLATE+RGL*PHASE 

STEP 7-5: ADD KTH SCATTERER CONTRIBUTION TO VELOCITY DISCRIMINANT 
CuPiKDNcNT SXGNAlS* 

PMASEI=PHASE1AS 
C0F2=CDF2*PHASE1*DFWTS(2,K) 

CDFa*CDFA*PHASE1*0FWTS(A,K> 

STEP 7-6: ADO KTH SCATTERER CONTRIBUTION TO ON-TARGET DISCRIMINANT 
COMPONENT SIGNALS. 

CDFl=CDFl-*-PHAScl*OFWTS(I,K» 

COF5=COF5*PHASEl*OFWTS(5,K) 

A5 CONTINUE 




*•«***«** 


ruKH i>iui»c— ri\cc An(*i.e. vcuuuiit. anu lhn-iaki»c 

* DISCRIMINANT COMPONENTS AT ITH FREQUENCY AND SQUARE * 

* LAW DETECT THESE COMPONENTS. ♦ 


STEP 3-1: CHECK ANTENNA STEERING MODE 

IF IN GPC-OES OR MANUAL. 
IF(IASM.EQ.2.0R.IASM.E0.A) GO TO 50 


SKIP STEPS 9-2 AND 9-3 


000209A0 
00020950 
00020960 
00020970 
00020980 
00020990 
00021000 
00021010 
00021020 
00021030 
0002 lOAO 
CENTR00021050 
00021060 
00021070 
00021080 
00021090 
00021100 
00021110 
00021120 
00021130 
00021140 
00021150 
00021160 
00021170 
00021180 
00021190 
00021200 
00021210 
00021220 
00021230 
00021240 
00021250 
00021260 
00021270 
00021280 
00021290 
00021300 
00021310 
00021320 
00021330 
00021340 
00021350 
00021360 
00021370 
00021380 
00021390 
00021400 
00021410 
00021420 
00021430 
00021440 
00021450 
00021460 
00021470 
00021480 
00021490 
00021500 
00021510 
00021520 
00021530 
00021540 
00021550 
00021560 
00021570 
00021580 
00021590 
00021600 
00021610 


1 

I 


j 

II 


I 

I 

I 
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E 


I 


STEP.8-<£1 COMPUTE AZ DISCRIMINANT COMPONENTS AND SQUARE-LAM DETECT. 
SPAZ*SPAZ4CABS(CSUM«CDIFAZIP«2 
SMAZbSNAZ>CABS(CSUN-CDIFAZ}*«2 

STEP 8-3: COMPUTE 
SPEL>SPEL^CAB2 
SMEL>SMEL-»CAB! 


EL DISCRIMINANT COMPONENTS AND SQUARE-LAM DETECT. 

7CSUN^CDIFEL)**2 

ICSiM-CDIFELl**2 


00021640 

00021650 

8881^8 
0002 168C 
00021690 


components and square-lam detect 

50 EARLY«EARLY^CABS(CEARLYT442 
LATE-LATE-»CABS(CLATE)6«2 

STEP a-5: COMPUTE VELKITY DISCRIMINANT COMPONENTS AND SQUARE-LAM 
DETECT. 

0F2>0F2«CABS (CDF2 l**2 
0F4>DF4«CABS (C0F4)4«2 

STEP 6-6t COMPUTE ON-TARGET DISCRIMINANT COMPONENTS AND SQUARE-LAM 

OetecT. 

OF1-OF14CABS(COF1)««2 
0F5«DF5*CABS ICDF5 »**2 

• STEP 9: COMPUTE, EFFECT!yE_CRpSS-SECIlQN AVERAGED OVER PROPER ♦ 


* NUMBER OF TRANSMIT FREQUENCIES. 

SIGBAR«SIGBAR«CABS(CSUM }**2 
55 CONTINUE 

SIGBAR«S1GBAR/FLOAT(NFREQ(INOOEI) 


900 


902 

901 


NOTE: DEBUGGING PRINT STATEMI 
MRITE(6.900J[ CltSIG(l), 1> 
0 FORMAT! > I.SIG **tl8,Fl4.: 


iTATEMENTS 
l«l,NTI 

runnMi I ■ «fd4V> - * *40 *r ia».4l 

MR1TE(6*902) NT*S*0Ai*0EL,RGE.RGL,RGMGTtM0F(3i 

M1TE( 6*901) OFMTSIl *K) •DFMTS! 2*K) *0FMTS( 3*U * OFMTSI 4*1)* 

raRMAn^ NT*S*0AZ»0EL»RGE*RGL*R6MGT*F3 >• * 15*6F10.2* 15 ) 


FORMAT! • 

RETURN 

END 


Df MTS «**10FI2.4) 


*mm*—*m*******— **************•*************************’•******* 

* THIS SUBROUTINE ADOS THE EQUIVALENT NOISE JO THE ANGLE. RANGE* * 
» VELOCITY AM) ON-TAR&T UISCRIMINANT COMPONENTS AND THEN COM- • 

* PUTES THE ANGLE. RANGE. VELOCITY. AND ON-TARGET DISCRIMINANTS. * 

*6«*4«*4«**»**4******44«**44**44****************** 


888li!!8 

00021750 

00021760 

00021770 


00021780 

00021790 

00021800 

810 

820 
830 
840 
850 
860 
870 
880 


0002 
0002 

8881 
0002 
0002 
0002 

0002 

00021890 


0002 

0002 


118 


920 

930 


SUBROUTINE CISCRM 

COMM ON /CNTL/ 1 PUR * INODE 1 1 TXP* I ASM * I OUMC ! 5 ) *OUMC ! 3 ) 

COMMON /ICNTL/13DW11 14) ,MRNC*MSAM,MPRF.1DUM4!10) ^ 

COMMON /SYSOAT/TSAN,OR!3),CP*SP*PSl*PSBlAS.ALBlAS*aTBlAS*GP*GA* 
DUMSI3) 

COMMW /OSCR^A ZD ^ * EL DI IrOI^ *vSl SC UrTE . 001 SC* S IGBR I * SNRD * 
SI GOB 

COMMON /S1G0AT/SPaZ.SMAZ.SPEL*SNEL*EARLY*LATE*0F1*0F5. 
0F2.0F4.SIGBAR 

COMMON /N01SE/NSl*NS2tNN!10).GAUSSI200) 

DIMENSION NFREQ!2)*P0!a! 2) tPDIRI2).P0IV(2) .PS!10*2)*BN!2)*PT!3) 
DATA NFREQ/I.5/*BN/9100.*526./*PS/941.*2. .$*1. .2.*4. *8. *8.. 16./* 
PDIA.POIR.POIV/I. 4142*3. 1623* 2. 0*4. 4721* 2. 8284*6. 3246/* 
PT/50000.*3125.*195.3/ 

REAL LATE*NEAN 


00021940 
950 
952 
.^,954 
0021960 
“:i970 
)21980 
)21990 

88SII8?g 

00022020 

00022030 

00022040 

00022050 

00022060 

00022070 

00022080 

00022090 

00022100 

888IIU8 

00022130 

00022140 

00022150 

00022160 

00022170 

00022180 

00022190 

100 

110 
^20 
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ooonoooo 


NOTE I OtbUGGING PRINT §J4I^Key^eiin cabi v LATE 
NRlieTbtVOOl SRAZ tSMAI tSP|LtSM|L*EARLY#LRTE 
WRlTE(6t90l) DPltOFSf pP2»0F4tS IGoAR 
>#00 ?QRMAT(^ SPZtSN2t^»SNL.|iL 
901 FuRHRTl* OFLf JF5» 0F2 tOPAtSIG ■ »5FlO»2l 


si^Ul^lS^VMl^CWSTANT USED IN ACTIVE MODI 

S» * n « A 


5pi? ,ssisiKwssgtHs«. . 

Sl*YY/FLOAT(NFREO(lMOOEn 

STEP 1-2 S THIS^S USEo”fOR^OEBUGG1NG^PIAPOSeI*^ONLY 

“> ia5Sn5!5iffiS?oisNRp.„, 

SIGOB>10.*ALOG10(S1G6AR I 
SlGBRl^SIGbAR 

STEP 1-3S UPDATE NOISE SEQUENCE. 

NN(l)»H0D(NN<l»^lt2OO)^l 

15 NN( I ) »HOdInNI I-II^ 29 f200l+l 
UAUSs71oil=ANORM(NSltNS2l 


Uir£il.s»;aujssii.sjs^^ 

STEP 2-l: CHECH ANTENNA STEERING MODE SHIP STEP 2 IF IN 

GPC-OES OR MANUAL. „ 

IF(IASM.GE.2.0R.IASM,GE.A) GO TO 20 

STEP 2-2: COMPUTE ANGLE DISCRIMINANT COMPONENT SCALE FACTOR. 
ASCALE*SI*PD1A ( IMOOE I 

cTtp 2>3- CtWPUTE STATISTICS OF ADDITIVE NOISE FOR ANGLE 
iiCK ^ j discriminant COMPONENTS. 

HEAN»PDIaI IMODE) , 


VARMEL*SQRT(2.*SIASMEL>1.» 

STEP 2-4: ADO EQUIVALENT NOISE TO ANGLE DISCRIMINANT COMPONENT 
SIGNALS. 

IMluglit l£ll:i:iK!:SIM:SK5Jf:aSlli {8ii i 

I02«NNT2) 

'”M55icS?KaEoafo5$.!>sSllf 

ELD1SC« 10.*AL0G10(SPEL/SMEL ) 


000222SO 

§88lilS8 


n???*tT*cs:pSTrcQ5rT;NrusEo*irsiS:rsSrw 

;**,^*wS£*^SUI4l*U5U«u************************* •**•**••*•• 

STEP l-l: COMPUTE CONSTANT INOTE: IT IS DIFFERENT F(» ACTIVE AND 
* PASSIVE MODES)., 


00022440 

00022450 

Mt)8 

00022400 

00022490 

00022500 

00021S10 

00022520 

00022550 

00022540 

00022550 

00022560 

00022570 

00022560 

00022590 




00022810 

00022620 

30 

40 

50 

00022860 

00022870 

00022880 

00022890 

00022900 

888IIU8 

00022930 
nnn79«40 
'50 
00022960 


* STEP 3t COMPUTE RANGE DISCRIMINANT (INCLUDES NOISEI * 

STEP^3-lt COMPUTE RANGE OISCRIMiNANT COMPONENT SCALE FACTOR. 
20 RSCALE«SI*POIR(IMOOEI 

STEP 3-2 t COMPUTE STATISTICS OF AODITIVE NOISE FOR RANGE 
OISCRIMINANT. 

NEAN>PDIRilNODEl 
VARELY«SQRT ( 2. *S I*£ARLy ♦!. ) 

VARLTEs$QRT(2.*SI*UTE<»l.) 


STEP 3-31 ADO 


I VALENT NOISE TO RANGE DISCRIMINANT COMPONENT 


ID6>NNi6) 

EARLY«ABS(RSCALE*EARLY4MEAN«VARELV* GAUSS! 1031) 
LATE-ABS(RSCALE*LATE*MEAN'«>VARLTE«GAUSSTl06n 


STEP 3-A: COMPUTE RANGE DISCRIMINANT. 
R0ISC*I0.«AL0G10( LATE/EARLY) 


* STEP 4: COMPUTE VELOCITY DISCRIMINANT (INCLUDES NOISE) * 

STEP 4-i: COMPUTE VELOCITY DISCRIMINANT COMPONENT SCALE FACTOR. 
VSCALE«Sl*POIV( INODE ) 

STEP 4-2: COMPUTE STATISTICS OF AODITIVE NOISE FOR VELOCITY 
OISCRIMINAI^ COMPONENTS. 

mean>poivTimooe) 

VAROF2*SQRT(2.«S1*OF2<»1.) 

VARDF4sSQRT(2.*S1*0F4«L.) 

STEP 4-3: ADO EQUIVALENT NOISE TO VELOCITY OISCRIMINANT 
COMPONENT SIGNALS. 

0F2sAS$<VSCALE«0F2-*MEAN<»VAR0F2«GAUSS(ID1) ) 
OF4>ABS(VSCALE«OF4«MEAN«VAROF44GAUSSUDS) ) 

STEP 4-4: COMPUTE VELOCITY OISCRIMINANT. 
VOISC*10.*ALOG10(OF2/OF4) 

«**»»««**4*****«*«*«**«*«***4««*««4*****««4*4**«*«*4«4««4**«4« 

* STEP S: COMPUTE ON-TARGET DISCRIMINANT USED FOR BREAK- * 

* TRACK AND VELOCITY DATA INVALID DETERMINATION * 

*«*««*«»*4»*««4i*»««««*44i»******«444«»4*444*44»*«*4*4**«*444*#* 

STEP 5-1 : COMPUTE STATISTICS OF AODITIVE NOISE FOR OUTER DOPPLER 

filter signals. 

VARDFLsSQRT( 2. *Sl*OFl^l .) 

VAR0F5*SQRT( 2.*S1*0F5^1.) 

STEP 5-2: ADO EQUIVALENT NOISE TO OUTER DOPPLER FILTER SIGNALS. 
0F1>ABS ( VSCALE40F l4MEAN«VAR0Fl*GAUSS( 102) ) 

OFS>ABS ( VSCALE40F S^MEAN^VARDFS^GAUSS I ID6) ) 

STEP 5-3: COMPOTE ON-TARGET OISCRIMINANT. 

NOTE: THE FACTOR OF SQRT(2. ) IS DUE TO THE METHOD OF 
NORMALIZATION OF DISCRIMINANT COMPONENTS. 
0DISC»10. *AL0G10( (EARLY^LATE )/ (SQRT( 2. )•( 0F1«0F5) ) ) 

NOTE: DEBUGGING PRINT STATEMENTS. 


00023150 


00023510 


00023540 


00023580 


00023610 




ooooooo oooo no oooooo no oonooooooo 


MR I TE (6 1 902 1 A ZO I &C* ELOl SC.RDI SC» VOX SC 1 001 SC 
MRITE(6t903) SNRDtSiGgB.SIGBAR 
MRiTl|6«904| SPAZ.SHAZtSHLtSMEL.EARLYtl.ATE 

PORMATi* OPLtOPStOPZtOPAtSlG-t'NOlSE ■•,5P10.2) 




RETURN 

END 






nWn*]Llii«I- 


SUBROUTINE 6RKTRK 


NOTE: VALUES FOR THRSHC AND THRSCHC ARE NOT THE VALUES^ , ^ 
USED IN THE RAOM. THESE VALUES MUST BE CHANGED TO THE 
RADAR VALUES. 

»•**«««•*** ******* 9 « 9 ««*<**«* 9 **«** 

* STEP l: DETERMINE STATUS OF L-H DISCRETE tFTH) * 

♦»»»*»»» *♦»***♦*»*♦»» 

STEP i-l: QUANTIZE THE VELOCITY DISCRIMINANT TO 3/16 OB STEPS. 
IVOISC>1NTIVOISC*S.333333^0.S) 

STEP 1-2: DETERMINE STATUS OF L-M DISCRETE. 

1FTH»0 

IF(IABS(IVOISC».GT.IVMAXI 1FTH>1 

*«*««««*««***«*««**«««««****«**^*6«*»««*****»»**6*«*** 

* STEP 2: DETERMINE STATUS OF ON-TARGET DISCRETE (OTI 6 

»»>»»♦♦»♦»»»♦♦♦♦♦»»»♦♦»♦»♦♦♦»♦♦»»»»♦♦»♦»♦♦♦♦»♦ 

STEP 2-l: QUANTIZE THE 0 -DISCRIMINANT TO 3/16 OB STEPS. 
10 DISCsINTC0D1SC*5.333333>0.5I 

STEP 2-2: DETERMINE STATUS OF ON-TARGET DISCRIMINANT. 

IQTsQ 

IFCIOOISC.GT. THRSHC) I0T«1 


IQT=0 

IFCIOC 


«***at**»*«it*********«»**6***6 ********** *****6**«66**«****6*66*«** 

« STEP 3: DETERMINE STATUS OF ADJACENT ON-TARGET DISCRETE (AOT) * 
IAQT*0 

ifTiodisc.lt.thrsho) 1A0T«1 

«»»»»»»*»♦♦♦»•♦♦»♦•*♦♦»*»♦»♦»»*»»*»»»*♦»♦»♦♦*»»♦*» **M>»it** 

* STEP COMdlNE ABOVE DISCRETES TO DETERMINE STATUS OF •• NO- • 

* TARGET** DISCRETE (NOTARG). * 

•»**»»««>««»»««**«****M***********6*«** ***************** *«***«** 

definition: THE NO-TARGET DISCRETE IS HIGH lOR 1) IF THE DISCRETES 
FTH. OTt AM3 AOT ARE ALL LOM (OR 0). 

NUTARG* ( 1- IFTH )» C l-1 0T» •( 1-IAOTI 


00023720 


002418 




c 

i 

i 

C 


I 

I 


c 

I 

c 

i 

i 

C 

c 


« STEP 5t DETERMINE STATUS OF BREAK-TRACK FLAG (NBKTRK) * 


DEFlNlTlONt BREAK-TRACK SHALL BE DECLARED IF NGTARG-l FOR AT 
LEAST 5 OF THE MOST RECENT S DATA CYCLES. 


0002A250 

0002426Q 

0002A270 


STEP 5-1 : UPDATE MOVING MINDOM-OF-B SUN (MBTSUMI. 
MBTSUM«MBTSUN4(NOTARG-MBTail 




STEP 5-2 t UPDATE STORAGE REGISTERS. 

ID 88T5ll«!5jftl+l) 

MBTISMNOTARG 


STEP S-3t DETERMINE STATUS OF BREAK-TRACK FUG ( UBREAK- TRACK) . 
MBKTRK«MBTSUM/S 
RETURN 
END 


THIS SUBRiWTlNE. UPDATES. AJ_AN3 . EL _IFiRTIAL LOS.RAJEIi. THE • 

* 

♦»ii ♦»♦*»♦»♦»»»♦» »»»♦»»♦♦»»» » » » »»» » » »»♦ 


, ^ ivo 

)002A300 
0002 A3 10 
00024320 
50024330 
00024340 
o50243SO 
00024360 

88 g|ill 8 

000|4390 

00024400 

00024410 

00024420 

00024430 


AZ AND EL IF-RTIAL LOS RATESi 1 

• ALPHA AND BETA GIMBAL RATESf THE ALPHA AND BETA GIMB^, 

• POSITIONS* AND THE TARGET PITCH AND ROLL ANGLES FOR THE 

• DISPLAY. ^ ^ ■ 


888 ir*® 


SUBROUTINE ATRACK 

COMMON /CNTL/IPWR.IMODE.I OUMC (71* DUMC ( 3 1 
COMMON /INPUT/DUM(6) .EMBC3)*0UM2(18) ^ ^ 

COMMON /0UTPUT/11DUH(3) *010UM(2)»SPANG»SRANG«SPRTE*SRRTE*SRSS» 
IDUMlfA) 

COMMON /ATOAT/EAjSA,CB»$BtAZRATE»ELRATEtALRATE*BTRATE*ALtBT» 


14450 
^4460 
24470 
, 244B0 

)0024490 
OOQ24SOO 
00024510 
T2< 


00024520 


000|453g 


0UM3(4J 

01MENSlON*ATUl0t2^*Xl2?l0ji^TXlcii3)iTX2(3#3I.TX3(3#3l,TBLI3t3 
DATA ATl/9»I.5529E-3*2.0106E-4.6*3.9750E-3.1.5529E-3t 
3»2.0l06E-4/,AT2/9*6.5907E-3f2.3725B-3, 


definition: 


3»2.0l06E-4/,AT2/9*6.5907E-3f2.3725B-3, 
6*1.0|46E-2.6.5907E-3t3*2.3725E-3/ 
AT1>KEQ«(MN*42)/(4 .*o!fFERENCE pattern SLOPE) WHERE 


definition: 


WN IS NATURAL FREQUENCY OF THE LOOP. 

AT2sK|Q<»TAy MHERE TAU IS PROPORTIONAL TO STEP RESPONSE 
CONVERGENCE TIME. 


*«*«««««««**»**»««»**««»»*»»»*«*«***4iM>*********4*44**4»********4** 

* STEP l: UPDATE ANTENTW LOS-TO-BODY TRANSFORMATION (NOTE: TRANS- * 

* FORMATION INCLUDES GIMBAL BIAS ERRORS AND RADAR YAH *■ 

* angle error WRT SOOY FRAME). * 

»»»•*»»♦»**•**»»»**♦»•*♦****** 

:aLL gamma (T XI «-(BTi>BTB IAS)) 

'all THEIA(TX||-l.AUAL|iAS)) 


:all mu 


_ __ 

CALL PHl(TX2,-PSI) 
CALL MULT33TT 


XI.TX2 


0002454( 

00024550 

00024560 

00024570 

8 S 8 kl)g 

00024600 

50024610 

8 0024620 
0024630 
00524640 
00024650 
00024660 
00024670 
000246BO 
00024690 

888 k ?;8 

000|4720 

Oro|47^ 

00524750 

00024760 

00024770 

00024760 

55024790 


X2tTX3*TBL) 


88 Sitf” 


*««««*«» m*m0*^*********0****m******m* mm*m*mm**m* ********** 

* StEP 2: UPDATE ESTIMATED TARGET INi^RTlAL AZIMUTH AND ELEVATION * 

• RATES IN ANTENNA LOS FRAME. * 


QUANTIZE THE ANGLE DISCRIMINANTS TO 3/16 OB. 
lAZ0SC«lNTfT5.333333*AZ01SC) 
1ELDSC>1NTT(5.333333*ELDISC) 


60SC«0.0431*FLOAT||AZDSC) 


*B10 

888 I 2 II 8 

00024840 

00024650 

00024860 

50024670 

Q0Q24680 

5o524690 

00024900 


EDSC>0.0431*FL0AT ( lELOSC) 

UPDATE ESTIMATED TARGET INEf^IAL AZlMyTH^RATE . 
ACRATE>AZRATE^TSAMAAT1(NRNG»IM00ET*ADSC 


Q00249|g 


0002492 




(4940 
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‘ '"“KafJlStSSEirsULfWSWSiiSbStUSSc''*"- 
i 3:;5fr;f;5i«5*?s!fSKS srss^*ir:55sr:EtociT» vecto. « 


^UTER GIMBAL FRAME, 

MGX>CP*iMB(li«SP*EM6 (21 
WGY«CA*(-SP*eW8l I 2 

S!gZb-SA*{-SP«EMB ( 1|4>CP*EWBC 
;R GINBAL RATE. . __ __ 

IFtABSlCB) aLT* L*0|->6) GO TO 
aUaTI- ( A iRATEtATllMRNG, IMO 


OUTER 


)*CP«ENB{ 2) )♦SA*EWB( 3) 
1I♦CP*EWBC2) )«CA*EUB(3I 


iWinitSiR»iii?ITSiNg“iA8Dl )*ADK 

2 ^A?E*0. 

4 CONTINUE _ 

* btSatI-(elratI*at2(hrnc,imooej*eosci-mgv 

•**•*•««*«•**•*•***•« APPPAAV'A***** *********** ******* 

* STEP 4* UPDATE INNER AMO OUTER 6 IMB^ POSIT IgIS* * 


»♦»»♦♦—♦♦»»»♦>» •* ♦** * »» ♦**»♦♦♦********** 

CALL SCNMRN 

**STEP*n*TRAN^Wl5^^ET*AN^S*ANp ANGLE RATES TO * 

5s?inri?S 

UPOATE*TARuEriNERTlAL PITCH^RA^^ IN ORBITER BODY COORDINATES 

ufDAlrTiiri?°^NE*ii!kt^A«t 

Tda^ DISPLAY 

UPOAfrANTENNA'*lN®bRBiTER BODY COORDINATES FOR QlSgLAY. 
Iht3l(273i1eO.O:6.ANP.TBL(3.|I.£0.^ TO 5 

SRANG«-AtAN2C-TBLC2,3l,TBL(3.3n*Bt,29S76 

5 ^tT8Lll»3I.GT.O.Ol 3RAW»-?0.0 
If}t6LU*3>.LT.0.0I SRANC-90.0 

RESOLVE^PoUiB^^ANGLE* AMBIGUITIES, VIZ., -90.<SPANG<90. AND 
-180-<SR^G<180._ , 


" ^5fikl;’2Bl(l?ASE,lS,5PANG/AW 

IraNG- ( l80:-ABS(SRANGI I sIaNG/ABSTsRANGI I 
10 CONTINUE 


NOTES DEBUGGING PRINT STATEMENTS 
WRITE(6,B9?I 

■k . ^ VU/L 


DATA*) 




FORMAT! ' 
RETURN 




00024990 



«**•••«••««•*«**•**»*«•••••*•*««••••*«******«**«*«••••«•••• 

: Ke*i5SS«^foSSf?i8«f lNS‘I$sfiJ‘Kfii' : 

* METERS BASED UPON RANGE INTERVAL. * 

*»**«««i* *««*««•••*•••••***»•••*•••****•*•**•*»•**«*«*««* «Mi 


»*»**•*****••* ****M*«**«*«*i 


****•*•**•*»•**«*«*««* «Mi 


SUBROUTINE RTRACK 
:OMM‘ 
fOHMi 


WSt ili.! 


3 2« f 1 * 1 2. .2^0 • Bf 0.23/ 1 RT2/9^0 .St^.O. ^*0 *5tB • t B. • 

4 4«l6./.VT 1/1.01251-2, 2.|627E-2t2.fr334E-I/tVTi/1.20495t 

5 0. 51638*0. 04633 l/.NRl/ 10/ 


0001 


RANGE 

***6««6*6»**««««*«*** 


0002 

»*»*«**•*•* «****••***•*«•*««»***•*• •••*•*0002 

TRACKER MODEL ••••••••••••••••••••••••••••••OOOi 

*•••*«•*••••••••••*«•••••••••«•••••**••••*•( 


C 

c 


•«*•••••«•••*••*•• **•••••••••••••• •••••«•*• 

« STEPlt UPDATE ROUGH RANGE RATE ESTIMATE 6 
Ml** **** ********** »♦»••» *♦»•**»•»»»»••»»»»• 

INTEGER I ZE RANGE DISCRIMINANT AND CHECK POR SATURATION. 
RPISC>5.333333*RQI$C 
IROISC>INTT(ROISCI 
IFTlR01SC.GT.255t 1RD1SC«255 

ROUGh'^U^IHaVe plioLll8i^RO§^ALPHA-8ETA TRACKING E^ATIQNS. 


i960 

5950 


00025990 


definition: RTKNRNG.IMQDEt CORRESPONDS 

RRUFlO AT ( IRpI SC ) ART ITmRNG* IMOOEl 
IROOT»IROof*INTTCRRl*0.5l 


TO BETA IN alpha-beta TRACK. 


C 

C 


IN ALPHA -BETA TRACKER. 


********************************* 

* STEP 2: UPDATE RANGE ESTIMATE * 
********************************* 

definition: RT2 CORRESPONDS TO ALPHA 
»>FL0AT(IRDISC}*RT2(MRNG*IM0DCI 

CONVMT^RANGE*lsT?MAfE (IRNG) TO FEET USING THE FACT THAT THE LSB 
OF IRNG REPRESENTS 5/16 FEET. 

RNG>0.3125*FL0AT( IRNGt 
ADO FIXED 5 IAS TO FINAL RANGE ESTIMATE. 

SRNG>RNG4>RBIAS 


16030 

Z6Q60 

!6050 

16060 

16070 


mm? 


|^U8 

OOOZ6150 
00026160 

888IU28 
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sR«»sss.aisaK.a8UiiK.sKi,sss:ssssrsas. 

r!TST*«;tMfi'is»iG5ourveio^ 

o» »»ISU0U$ yttocm 

^ * ?!“{*! IrK?! 1 1 1 * ' 

' rail.* “ 

:n n?y?r.rraKr tt Ki!;!!lia>5:; 


VfLOCITY 


RAL AND 


i85:r.»J5io« 

•*niLir*iH£C2l!sSi3 




IFdRl.Lfc.OI CO 
W|^;JRVEL.a! 5^6 

IFUoltu.Ll.-4l IRVfeL«IRVEU^4046 


TO 10 


10 CONTINUE ^ 

COMPARE IF3 AND XR3. 


TsTEF^ confute UNA MDI6 U0US ,y |ig CITY ESHNAT E. » 

I VEL-INTTI FLOAT U RW L-I FVEL 1 1 
K^ALfe L&a TO 0.05 FEIT^ICf wi 


5i8«.Vi8.r 

lVEL«lNTT»f^CATTl VEL l•VT2CNPRF UO.S > 


VELOCITY LSD I 


'•II 


I 


• STEP Si COMPUTE SMOOTHED UNAMBIGUOUS VELOCITY * 

SCA( 


AVEKAGE ANQ SCALE ANiMliP INTO PEET/SEC MON 0.05 
n00T>0.0US*{VE$TTlMVESTC2l«VESTm«VESTr 


PEET/SEC. 
41) 


••**•«•••••*>«• s********************** 

* STEP »i ke;;et oopplea piltea bank * 
***•••«•••«»•*««**«******••***••••**• 

CHECK ON-TaAGIT OISCAININAMT PM LAACE ACCELEAATION OMING A 

h!i!8|l^.l^ :8l h" 8(I {i:Sgg|SB)iil:li;ii. 

30 t?(IV0lic.GT.51) M0PflMN00fM0Pll)t3I.32) 
tphyOISC.LT.-si) N0pU)BNp0CM0pri)*Lt32i 
AESEf AlMAlNiNG PILTEAS IN BANK. 

40 DO 50 ‘ 

OP«H 


DATA 


I>lt4 
DMOOIMOPI ll^ItSE) 


50 


M»ttMa**«*******«*«*«**4******«**«**«****Ml*****»**4«** **•**« 

••mm •***•*•* UPDATE SYSTEM INTEANAL CONTAOLS 4**«***»«* •••««•«•»•«** 

«•*«««»••««*»»•»»*»*« «****«»**A«»**»*W*w***»«A»«*» **«-^»* *«•«»*•***•* *1 



• STEP Li SET AANGE INTEAVAL PAi'ANETEK * 
» »»»♦»♦♦ » »»» »» »»>»♦»»»»>»»»»»» 

00 oO I-l.NAl 
IPCANG.LE.AIIII) GO TO TO 
60 CONTINUE 
70 MAN6>1 

1P1MANC.GT.NKI) STM 

STEP 2i StT SAMPLE AATE PAAAMETEA * 

1P(INOOE.&E.2) CO TO 74 
!p(NANG.GT.9) go TO 72 
MSAM*1 


S TO 00 
AN«2 

GO TO SO 

7a IPCMANG.CT.A) 

MSAM>1 
GO TO 60 
76 M$AM«2 


GO TO 76 


60 

82 

0A 


• STEP 3t SET PAP PAAAMETEA * 
>»«»»* *■»»» »♦»—**»»»»»»»»»♦» 

IP(IM0DE.GE.2I CO TO 64 

IPiMANG.GT.9) GO TO 62 

MPAPsl 

CO TO 9u 

MPAF>3 

GO TO 90 

1P(MAN&.GT.9) GO TO h<> 
NPAP>1 


66 

90 


GO TO 90 

MPAP>2 

CONTINUE 

AETUAN 

END 



888 
0001 

g|U|l 

oooilllc 

- Us, 



00027500 

00027510 


• >>;> 




Vi 


V{' 


H/ 


'f: 


■1 
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M********************************* «•*•«*••••••«*«*••• •*•*** 

•**«*«**«M««*«««««*«**«e9***«*«***»* »•«******•«*****«•« •***•• 


y?^iKN6EtC6VfL 


* STEP It DEFINE TARGET PARANETERS * 
»«♦»»» »« —»»»» »» 
SET THE RANGE TO TARGET C.6. 


CROSS-SECTION I INCLUDES BEAMSHAPE LOSS). 


* STEP 2 I COMPUTE THE SNR AT VIDEO OUTPUT * 

♦«»» < ♦ »»»>»»»>»»»»»»»«»»»»»»»»» 

SNR*SI«My I SIGMA fRANGE ) 


• STEP it COMPUTE RSS IN OG * 
!|^i*10.*AL0C10( SNR) 


• THIS SUBRyuTlNE IN II 

• ACDUinriONf AND TR4 


IZES ALL DATA REQUIRED BY THE SEARCH, * 
SUBPROGRAMS. * 


SUBROUTINE DATA 

^Mncm /R T DAT/ 1 DUMI ( 2 ) t DB I *1 » OUH 1 19 ) 
COMMON /SYSOAT/TSAM|OR|ptCP^SP,PSl, 


• SYSTEM parameters • 
PI«i.lA15926 


DE t CP^SP.PSl tPSB IAS ,ALB1AS ,BTB1 AS ,GP ,GA , 
I!nn}10), GAUSS! 200) 


RADAR 


PIl-Pl/IBO. 

R FRAME YAM ANGLE IN BODY COORDINATES TOEGP.EES). 


ps?lrptft 

)R LOCATION I 
0R[iT»48.0 
M!2)>lI.O 
M!3)«-6.0 


OFFSET FROM ORBITER C.G. IN BODY COORD. (FEET) 


DO A 1>1,J 

rang^bIas^ISror. 

RBtAS>0.0 
ALPHA GIMBAL BIAS. 

ALB1aS«0.0 
BETA GIMBAL BUS. 

t riu$>o.o 

YAM ANGLE ERROR MRT BUOY FRAME. 
PSBIAS>0l0 


3 ] 
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*»•* ***•%•»•**** **«*•*••******••«*********•*••****•** *** **•* *•**«•* 

* THIS FUNCTION Glves THE ANTENNA DIFFERENCE PATTERN WEIGTHIN6 OF * 

* THE RADAR SIGNAL FOR THE GIVEN AMiLEUN RADlANSI OFF 80RES1CHT. A 

* NOTE: THIS PATTERN IS THE DERIVATIVE OF THE SUN PATTERN * 

**«A««««**««A**A*****««**A*A»»***«*««»*«*A«*AAA***»*A««A 

FUNCTION OPAT(X) 

if(abs(xi.gt.i.e-a- o': id ic 

OPAT— 0.62E8AX 

RETURN 

v«v3.ao*x 

0PAT«l.lA6S*tY*C0SIYI-SlN(YII/(VAYJ 

RETURN 

END 

*A*««**«*««AA*4M *••*««***«•*•«**•*•««**««*•«««**«*****«*»»***•* 

* THn FUNCTION GENERATES A RANDOM NUMBER FROM A GAUSSIAN PDF * 

A MITH ZERO MEAN AND UNIT VARIANCE. • 

**«**»«*«*>»-M*«««*AAA***A*A*AA**»»*«*«***AAA«Ai|m» **«»»***»*«* A** 

FUNCTION ANORMIK1.K21 


Vl-RNOUfKII 

Y2>RNDUIX2I 

TPI-6.283IS52 

ANURMaSURT<-2. 

RETURN 

END 


♦ALOGIYII l*COS(TPI*Y2I 


•«A*A«*«*«****«*A*A**A«**A*A**********AAA***A*«**AA***A* ******** 

* THIS FUNCTION GENERATES A RANDOM NUt»ER FROM A UNIFORM 90,11 • 

* OISTRieuTION. * 

««•••»**«•****•************» «•*«*«* A********* **•«*«»• 

FUNCTION RNDU(IRAN) 

DATA MU/52A2a7/.XMU/S2A287./, I ETA/997/ 

IF(IRAN) 20,10,^ 

20 CONTINUE 

IRAN«IETA*IRAN 
IREEP-IRAN/MU 
IRAN-1RAN-IKEEP*MU 
XRAN^IRAN 
XRAN«XRAN/MU 
RNOUbXRAN 
LO RETURN 
END 


00028910 


0002894 
000 



00029050 


00029090 

00029090 



00029220 

00029230 


000293 


a«»«a«.««a«a*«a*»*a**»*****************«a********************** 

• THIS FUNCTION COMPUTES THE DOPPLER FILTER OUTPUT AMPLITUDE • 

* AND phase for an INPUT SIGNAL OF FREQUENCY X. * 

*••***««»*» AAA »«»**!. >.»«•*«■>*»»*****•*»***** ****** 

COMPLEX FUNCTION DQPFILIX) 
complex OENOM.NUMER 
0EN0M>1.-CEXP{CMPLX(0.,XI ) 

DEN0M>18.*DGN0M 

CHECK FOR oInOMINaTOK EQUAL TO ZERO. 
xx>cabsTdenom) 

IF(XX.GT.l.0E-06I CX) TO 10 
00PFIL>(I. 0,0.0) 

RETURN 

10 NUMER*I.-CEXP(CMPLX(0.,16.*X)) 

0UPFIL«NUN£R/0EN0M 

RETURN 


00029550 


mmm 


00029580 
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C 

c 

c 

c 

c 


c 

c 

c 
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**THIS SUbROUTlNE MODELS THE SPAS SPACECRAFT SCATTERING * 

• PRuPERTIES. 

COMMON^ /SATOAT/RADAR 1 3 ) l^J^R , R f 32? 2 1 wHi* IV IMaIcA 3?ll * 

DIMENSION Sl&MA(63ltTAR&l63#3) tPHlMlN<§it3)|PMIMAXC63t3l 
DIMENSION OFFSETC63» 1 JM0T(63I iJH0T20(63)»PHl(63t3» 

sirdifK 


rsrirsEnsiToXt-ssfrsS^ 

b OF^WNZERO RCSi AND OTHER MISCELLANEOUS DATA ♦ 

* REQUIRED BY THE ROUTINE. ♦ 


C 

C 

c 


c 

c 

c 

c 

c 


c 

c 


c 

c 


SEED FOR RANDOM NUMBER GENERATOR ^ 

data KSEE0/A5i 67b i90tt.607.5o7Bfb97t 345 f 77777 f67t4t 

1 560,609. SaCUb. 9^. 

2 5»15.25.35»*»5»55»65»75»85.95» 

5 205tlb95 .9‘.57 .9643. 93467. 9b7656.453.980t567.2154/ 

DATA describing DIMENSIONS OF “iPfrANGLE SCATTERERS 

gl"l!i}'Ti§ai SiSf?S^O«!8LI!)Vi5taHI CUNHS-FEET. NF«. of F.60. 

8iK SiS»fl“n8j8i2965/ 

FOR EACH DIFFUSE SCATTERER., SPECIFY NORMAL COMPONENT 
data normal /3*l.2.2.9*3.6*l/ 

SQUAREtROOT GMA/ 20*.734*i||l5i29||l25.6.j^.6.l09.,9b.4,l04, .95.7^114,. 

2 lb9..1.>»67.t 110.. 2*87.. 2*92. 8. 2*l04.. 2*93.4.2*95. 6. 89. 9. 2*95. 6. 

3 o9. 9. 99. 5. bb. 6 .1.47. 6*. 568 .3.67. 1.35/ 

X-COUROINATES OF SCATTERERS IN SPAS <F|ET) 39,2*-.98. 

DATA TARG /3*.39.17*-1. 15. 3*. 79.6*1^1.-1.15. 3*.39. 2* .'fo. 

1 2*-l, lS.-.9b.l0*-1.15.6*1.21.“1.15»6*.79.2*-1.15» 

9 ,98.-0.07. .98.-0.07. .98»2*-2.62/ 


00030900 

888I8U8 

00030930 
00030940 
00030950 
00030960 
00030970 
00030960 
00030990 
00031000 
00031010 
00031020 
00031030 
>00031040 
00031050 
00031060 
00031070 
00031080 
31090 
.31100 
00031110 
00031120 
00031130 
00031 140 
00031150 
00031160 
00031170 
00031180 
00031190 
00031200 
00031210 
00031220 
00031230 
00031235 
00031237 
00031240 
00031250 
00031260 
0003127C 
00031280 
00031290 
00031300 
0003U10 
00031320 
00031330 

88 SIB 88 

00031360 

00031380 
00031390 

;::>oo 

00031410 
00031420 


0003U 
00031^ 
0003 1<_. 
00031430 
00031440 
00031450 
00031460 
00031470 
00031480 
00031490 
00031500 


Op 
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c 

c 


c 

c 


c 

c 


c 

c 


MINIMUM SUSTENOeO ANGLE IN X-OIRECTION 

DAIA PHIMIN /I«»«l.t6*0.t4*l.»0.tl.»0.tl.,0.»9*l.,10*.026177t 

1 6*. 0348991 9*1., 

MINIMUM SUBT8N0E0 ANGLE IN Y-OIRECTION 

2 4*l.,0., 15*1. 1.64279,. 819131.36603, 1.1.29237.. 90631, .662. .90631, 

3 .94805. 5*1. i-.99697,-.99905i-. 89415,. 00524, 10*. 02613 ,6*. 034699, 

4 -.89415,8*1.0, 

MINAMUN SUbTENOEO ANGLE IN Z-OIRECTION 

5 5*1.,3*0..12*1.,3*.07I497,6*.02618..04013,3*.02616,2*.04536, 

9 .04362,. 43837, 2*1.,-.99966,1., -.99966, l.,-.99966,l.. -.99966, 

7 1. ,-. 99966.1., -.99939, 1. ,-.99939,1. ,-.99939, .44776, 6. il.iO., 1.1 

8 0.,1.,— .9 1355 f 0 ./ 

MAXIMUM SUBTENOEO ANGLE IN X-OIRECTION 

DATA PHIMAX /3*0. ,17*-1., 4*0., -1. ,0. ,-l.,0.,2*-l. ,3* .99933,5*-!. 

2 10*-. 02618, 6*-. 034899,-1. ,6*0. ,2*-l. , 

MAXIMUM SUBTENOEO ANGLE IN Y-OIRECTION 

3 3*-l.,0.,16«-l., 2*-. 66603, -.90631, -.81915, 3*-. 90631.-1., 

4 -.70711,-. 81915, 3*-l.,.99897,3*-l., -.00524, 10*-.02618,6«-.034899 

5 9*-l., 

MAXIMUM SUBTENOEO ANGLE IN Z-OIRECTION 

- - - ■■ ,18, -.040132, 3*-.026l8 

.9W66, -1.1.99966,-1 . , 

e - 1 . i.imroo,— 1 ., .iTT'yoo .99939,— 1., .99939,-1. ,.99939, 

9 -1., -.44776, -l.,0.,-l.,0.,-l.,0.,-l., -.91355/ 

RADII OF THE SCATTERERS (FEET) 

OAlA OFFSET /20*0.0,3*-.33,6*-.95,-1.03,7*0.,-.79,17*0., 

1 6*-.33,2*-l.l5/ 

MISCELLANEOUS DATA. 

data NTAR/63/,KW10E/ 20/, PI/3.141592653/ 

»*6»«*««6*«»»»*66*««««*«**« *«6«*«« <,»**« A**************** ******** 

* STEP l: DETERMINE WHICH SCATTERER ARE ILLUMINATED AND HAVE A * 

* NONZERO RCS IN THE DIRECTION OF THE RADAR. * 

»*»«««*»« **«A*«*«****«*****«******«*****«*«*A*****«*«*A«AA**A««A 

STEP l-l: PERFORM REQUIRED INITIALIZATIONS. 

NWI0E=0 

KTAR*0 

STEP 1-2: COMPUTE UNIT VECTOR IN DIRECTION OF RADAR FOR 
ITH SCATTERING CENTER. 

DO 15 I=1,NTAR 
00 5 JA1,3 

VECT(J)=RAOAR( J)-TARG(I,J) 

5 CONTINUE 

VNORN=SQRT(VECT( 1»**2*VECT (2 )**2+VECT( 31**21 
00 10 J«l,3 

COSPHl ( 1 . J ) « VE CT ( J )/ VNORM 

STEP 1-3: determine WHETHER ITH SCATTERER HAS A NONZERO RCS IN THE 
DIRECTION OF THE RADAR. 

IFiCOSPHKIiJ) .LT.PHlMAX(I,J).OR.COSPHI(I,J).GT.PHIMIN(I,jn 

2 GO TO 15 
10 CONTINUE 


888 HII 8 

00031540 

00031550 

00031560 

00031570 

00031560 

00031590 

00031600 

00031610 

00031620 

QQQ31630 

00031640 

00031650 

00031660 

00031670 

00031680 

,00031690 

00031700 

00031710 

00031720 

00031730 

,00031740 

00031750 

00031760 

00031770 

00031760 

0003179C 

00031800 

00031810 

00031820 

00031630 

00031840 

00031850 

00031860 

00031870 

00031880 

00032000 

00032010 

00032020 

00032030 

00032040 

00032041 

00032042 

00032044 

00032045 

00032050 

00032060 

00032070 

00032080 

00032090 

00032100 

00032110 

00032120 

00032130 

00032140 

00032150 

00032160 

00032170 

00032180 

00032190 

00032200 
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STIP 1-41 
KTAR«K 


IF ITH SCATTERER RCS IS 
|j.j^UNlNATEO SCATTERERS. 


S NONZERO THEN ADD TO VECTOR OF 


|KTARI>1 
KTAR)*SIGNAI II 


.. iFti.LE^KHIOE} NMtOE«rMIDE«l 
IS CONTINUE 


• STEF it COMPL ^ LOCATION OF SFECUUR POINTS THAT ARE iLLUMINATEQ * 

DO 20 K«1»RTAR 
f>JHOTIKI 
DO 20 J>Lt3 

RTK.J)>TARG(I,J|«aFFSETIII*COSPHIII»J) 

20 CONTINUE 


P STEP 3t CONFUTE SQUARE ROOT OF RCS FOR ALL ILLUNINATEO HIDE * 

* ANGLE SCATTERERS fREPRESENTlNG DIFFUSE SCATTERING * 

• AREAS). • 

DO 22 K«ltNH10E 
l«JHOT(Ki 

22 SIC(K)*SQRT(A8S(C0SPHII ItNQRNAL(I)) ) )*SIGHACI) 


* STEP 4: CHECK FOR SHORT RANGE CONDITION P 

>«*»»»*» **•*•••••*•••«•«««* 


STEP 4-1: DETERMINE RANGE TO RADAR IN TARGET FRAME. 

24 RANGE-SORT (RAOMM IIPP2PRADARI 2 )PP2^RA0AR| 3)PP2) 

STEP 4-2: SET HTSTERESIS LOOP MONITORING VARIABLE, 

1F( IROLD.lt.. 01. ORJIANGE-ROLO.LE.O.). AND. RANGE. LE.270.) lCLOSE-1 
1 FIraNGE-R 0L0.CT. 0.. AND. RANGE .GT. 300.) lCLOSE-0 

STEP 4-3: CHECK MONITORING VARIABLE TO DETERMINE IF SHORT RANGE 
CSjNOlIIQN EXISTS. 

1F(ICL0SE.Iq.5.0R.»MIDE.EQ.0) go to S5 

P*» — A 4»P* *»«»**»4« * *«•««« *••*♦•* ***************** **«*« **« 

p STEP 5: PROCEDURE FOR UPDATING OF DIFFUSE SCATTERING • 

P CENTER LOCATION SHORT RANGE CONDITION ONLY, p 

*PPP«****-»»*»»«**»***»***««P*P******P***P*«**P«**P«*«*4i«** 


STEP 5-1: IF FIRST TIME THRU PERFORM INITIALIZATION OF 

DIFFERENCE E^ATIONS FOR ALL OlMuSE SCATTERERS. 
IFIICLOLO.EQ.I) GO TO 35 
DO 30 I«ltKWlDE 

PHIOLO ( I ) « ACOS (COSFH I ( I .NORMAL II))) 

DO 25 J-1.3 

Q.NORNALII) ) GO TO 25 

H -MSCALE(l.J)P{RNDUIKSEE0tI»J))-.5) 

«i(il tjUvii tJ) 

25 CONTINUE 
30 gNTIN^I 

STEP 5-2: UPDATE ANGULAR INCREMENT FOR EACH DIFFUSE SCATTERER 

WANGE IN ANGLE FROM SAMPLE-TO- SAMPLE . 

35 go 40 I-ltKWIOE 

^11 1 .normal (1)) -ACOS ICOSPHI II .NORMAL! ID) 

DPHI 1 1 ) « I PHI 1 1 .NORNALI 1 ) ) -PHlOLOl I ) ) 
miOLOID-FHlI I.NORMALI I) ) 

40 CONTINUE 


THRU PERFORM INITIALIZATION OF 

ATIONS FOR ALL OlMuSE SCATTERERS. 


00032415 


00032450 

00032460 


00032490 

00032500 


00032530 

00032540 

00032550 


00032660 


00032710 


s 
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ST£i> Ut>OATE SCATTERER LUCATION FOR ALL ILL^INATEO DIFFUSE 

SCATTERER UPDATE DIFFERENCE EQUATIONS. 

00 50 K>ltNMlDE 
I-JHQTfK) X 

00 45 J«lt3 

IFU.EQ.NORNALIIl) GO TO 45 

ALPHJI, JI«feXP(-oiNCl.jj*ABSC0PHm>*C0^Mia,N0RHALtllin .. 

MRAN( 1 * J i > SORT ( I . -ALPHt 1 , J 1**2 ) «>WSCALEri t J I* ( RNOUl K$EE0( 1 1 J M-.5 1000 
V( 1.JI«ALPH(1«jT*V0L0(1»J|-»MRAN(I«J) ooo: 

45 CONTINUE 

50 CONTINUE. 

55 CONTINUE 

♦»»♦♦»»»♦»»»»»»»♦♦*»»»»»»»»» »»♦♦♦ ♦» > »«» »«»»>< »»»»»»»♦♦♦♦»>»»» 

* STEP 6: UPDATE PARAMETERS USED TO MONITOR TARGET POSITION. * 

* ON SHORT RANGE HYSTERESIS CURVE. * 

»»»»♦»»*♦»»♦»»»»»» »**>» ♦♦»»»»»»»♦»» » • * * » >»»♦»»»»»* »**♦»* ****» 

ROLD>RANGE 
ICL0L0«ICL0SE 

WRITE(6.9081 KTAR.NWIDEtlCLOSEfROLD 099329 

908 FORMATC/' rriMT.ICtR « * t3I8tFL2.4| OOQ329 

* NOTE: THE FOLLOWING STATEMENTS ARE PRINT STATEMENTS USED IN THE * 000 

* DEBUGGING PROCESS. _ * 000, 

>♦« « —»♦» ♦ »>♦»•*♦ »»»»»*»»*•»********** * * »» ****************»*»»»** 0003 



00032830 


NOTE: DEBUGGING PRINT STATEMENTS. 

PRINT LOCATION OF RADAR IN TARGET FRAME. 

WRITE (6, 9001 RADAR 

PRINT TABULAR LISTING OF ALL DATA ASSOCIATED WITH SPAS SCATTERERS. 
WRITE(6.90L) (ItSIGMAdl .TARGI I . U «TARG( I .2) »TARG( 1»3T«0FFSETTI) 
8 tPHIMINll.ll t 

1 miMAXC I.I}tmiHINfIt2)tPHIMAX(It2) .PHIMINCI .31 tPHIMAXI I .3) t 

2 l«liNTAR) 

PRINT TOTAL » OF SCATTERERS AND # OF DIFFUSE SCATTERERS. 
HRITE(6,902) KTAR.NHIDE 

PRINT INFORMATION ASSOCIATED WITH ILLUMINATED SCATTERERS. 
WRITE(6»903) 

WRITE (6. 904) ( 1 » JHOT I I ) ,SIG( I ) t f R( 1 t J) t It 3 > t 
1 l>ltKTAA) 

PRINT DATA ASSOCIATED WITH DIFFUSE SCATTERER DIFFERENCE EQUATION. 


ALL PRINT FORMAT STATEMENTS. 

900 FORMAT!* IN FEET. RADAR « ( • .F8.1, • . *. F8. 1. • . • . F8.lt • I • ) 


runnn I I • in reci. kauak “ i ■ .r e.i. ' . ro. i. ■ . ' . re.i.. ' i ' i 

901 FORMAT! I12»F10.2.3F8.3»F12.3.4X.2FB.2«4X.2FB.2.4X.2F8.2) 

902 FORMAT!* TOTAL • OF TARGETS « *.13.* OF THESE. • MA 


1 12 ) 


903 FORMAT !//,9X,* I *.3X. * JHOTII ) * .7X. *RCS* .5X. *PHI -X • ,5X . *PH1-Y* , 
1 5X.*PHI-Z*,/) 

904 FORMAT! 2110. 4F 10.3) 

905 FORMAT! 13.F15.3.2!5X«3F10.3M 

906 FORMAT!* I .PHI .PH lOLO.OPHi • ./. 13.3F 10.3 ) 

907 FORMAT! 213. 5!2X.3F7.3)) 

RETURN 

EMD 


00032979 
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